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THE  BASIC  AMINO  ACID  CONTENT  OF 


SOME  PLANT  PROTEINS 


William  E.  Brown 


INTRODUCTION 


It  is  now  generally  recognized  that  the  biological 
values  of  different  proteins  are  not  equal.  The  majority  of 
agriculturists  still  evaluate  rations  simply  on  the  basis  of 
their  protein  content,  although  it  is  known  that  feeding  some 
animal  protein  supplement  is  advantageous  with  at  least  some 
farm  animals.  The  amino  acid  content  of  plant  proteins  dif¬ 
fers  from  species  to  species.  Block  and  Bolling  (4)  even 
suggest  that  " just  as  the  vitamin  and  mineral  content  of  a 
plant  can  be  varied  by  breeding  and  cultivation  it  is  probable 
that  the  amino  acid  composition  of  its  proteins  can  likewise 
vary”. 

To  insure  optimum  health  the  amino  acid  requirements 
of  the  animal  body  must  be  met.  Certain  of  these  amino  acids 
are  essential  and  cannot  be  dispensed  with  in  the  diet  (25). 
The  three  basic  amino  acids— arginine,  histidine,  and  lysine — 
have  been  classified  as  being  either  indispensable  or  semi- 
indispensable.  The  main  animal  feeds  in  this  country  are  the 
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cereal  grains  which  have  been  shown  by  both  biological  and 
ohemical  assays  to  be  deficient  in  lysine  (18).  On  the  other 
hand,  animal  proteins  have  a  relatively  high  lysine  content* 
Comparative  figures  for  some  proteins  reported  by  Block  and 
Bolling  (4)  are  tabulated  below. 


TABLE  I 

Basic  amino  acids  as  percent  of  total  protein 


Meat 

Cowfs  milk 

Whole  beef  blood 

Wheat 

Corn 

Arginine 

7.1 

4.3 

4.2 

3.0 

4.0 

Histidine 

2.2 

2.5 

5.9 

1  3 

2.4 

Lysine 

8.1 

7.5 

8.0 

2.7 

2.5 

The  need  for  protein  supplements  to  make  up  the 
deficiencies  in  grain  is  obvious  since  grain  feeding  is  a 
very  common  practice  with  all  types  of  livestock.  Tankage, 
fish  meal,  buttermilk,  and  other  animal  supplements  are 
generally  considered  to  be  best.  The  demand,  however,  has 
at  times  far  exceeded  the  supply.  It  is  here  that  vegetable 
proteins  enter  the  picture.  The  question  of  their  nutritional 
value  becomes  of  importance  if  they  are  to  be  used  in  quan¬ 
tity. 

/  m  sn  ecJ/a  / ip 

The  main  purpose  of  this  investigation  was  to  deter- 

A 

mine  the  amount  of  each  of  the  three  basic  amino  acids  in 
pea  meal,  linseed  oil  meal,  and  alfalfa  meal,  three  feeds  of 
relatively  high  protein  content  which  can  be  produced  on  our 
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The  problem  of  determining  the  amino  acids  present 
in  natural  feeds  is  even  more  difficult  than  when  purified 
proteins  are  analyzed.  It  is  generally  recognized  that  amino 
acid  determinations  which  may  give  reasonably  accurate  results 
on  purified  proteins  fail  miserably  when  applied  to  natural 
feeds.  The  acid  hydrolysis  of  protein  produces  a  nitrogen- 
containing  substance  called  humin,  an  insoluble  fraction 
important  because  of  its  bearing  on  the  quantitative  deter¬ 
mination  of  certain  of  the  amino  acids.  The  presence  of 
carbohydrates  greatly  increases  this  fraction.  Rozas  (£6) 
found  that  small  amounts  of  hum in  were  formed  when  the  bases, 
arginine,  histidine,  and  lysine,  were  heated  with  carbohy¬ 
drate  solution.  Tristram  (33)  in  1939  hydrolyzed  the  three 
bases  individually  in  the  presence  of  various  furfuraldehyde- 
yielding  carbohydrates.  He  reported  that  arginine  suffers  a 
loss  roughly  proportional  to  the  amount  of  carbohydrate  pre¬ 
sent,  that  histidine  recoveries  may  be  very  irregular  and  that 
lysine  recoveries  are  normal  unless  a  large  excess  of  car¬ 
bohydrate  is  present.  A  preliminary  study  of  the  dispersion 
of  the  proteins  of  pea  meal,  linseed  oil  meal,  and  alfalfa 
meal  was  made.  The  aim  was  to  extract  a  high  percentage  of 
the  total  protein  in  a  relatively  pure  form  and,  at  the  same 
time,  maintain  its  original  chemical  characteristics. 

The  need  for  a  comparatively  simple  method  of 
analysis  was  apparent.  In  1940  Albanese  (1)  reported  an 
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electrolytic  method  for  the  determination  of  the  basic  amino 
acids  in  protein.  The  author  claims  for  this  micro-method 
two  desirable  features,  namely,  simplicity  of  operation,  and 
precision.  An  investigation  of  the  possibility  of  using  the 
method  was  undertaken. 

The  work  involved  in  this  research  is  consequently 
reported  in  three  sections: 

I.  Dispersion  studies  with  the  proteins  of  pea 
meal,  linseed  oil  meal,  and  alfalfa  meal; 

II.  An  investigation  of  the  electrical  transport 
method  of  basic  amino  acid  analysis. 

III.  A  presentation  of  the  results  obtained  with 
some  plant  proteins  using  the  electrical  transport  method  of 
analysis . 
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DISPERSION  STUDIES  TOTH  THE  PROTEINS  OF 


PEA  MEAL,  LINSEED  OIL  MEAL,  AND 
ALFALFA  MEAL 


Literature  Review 


The  investigations  of  Denis,  Seyler,  Ritthausen, 
and  others  (30)  in  the  19th  century  made  it  clear  that  plant 
proteins  exist  in  many  diverse  forms.  Owing  to  the  differ¬ 
ences  in  the  properties  of  the  protein  constituents  in  the 
different  meals  to  he  investigated,  each  is  discussed  in  turn. 

Pea  Meal 

Legumin  was  referred  to  in  the  early  literature  as 
a  substance  extracted  from  seeds  by  caustic  alkalis  and  more 
or  less  altered  by  the  action  of  the  solvent.  Osborne  and 
Campbell  (30)  reported  that  pea  seeds  contain  two  globulins — 
legumin  and  vicilin — and  an  albumin— legumel in.  Legumin  was 
thought  to  be  the  chief  protein  constituent.  A  water  extrac¬ 
tion  of  peas  yielded  4%  legumin  and  2%  legumel  in,  in  terms  of 
the  weight  of  the  seed. 

In  a  later  experiment  Osborne  and  Campbell  (30) 
extracted  pea  meal  with  10%  NaCl  solution  and  obtained  a  ratio 
of  one  part  albumin  to  3.42  parts  globulin.  Unfortunately 
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Osborne,  interested  primarily  in  the  nature  of  the  proteins, 
does  not  report  yields  in  many  of  his  papers, 

Staker  and  Gortner  (30)  dispersed  the  protein  of 
Andes  pea  meal  in  water  and  in  M/3  neutral  salt  solutions. 
They  reported  water  peptized  78,87$  of  the  total  nitrogen, 
potassium  fluoride  85,33$,  potassium  sulphate  83,93$,  potas¬ 
sium  chloride  84.05$,  potassium  bromide  88.33$,  and  finally 
potassium  iodide  95.18$.  The  anions  formed  the  following 
lyotropic  series  on  the  basis  of  dispersing  power, 

S04  <  CL  <  F  <  Br  <  I  . 

By  extracting  the  meal  with  ether  the  subsequent 
dispersion  of  protein  in  these  solvents  was  increased  by  from 
0.05$  to  7.38$.  The  theory  is  advanced  that  the  protein  is 
imbedded  in  a  layer  of  fat-like  substance  which  prevents  the 
salt  solutions  from  exerting  their  maximum  peptizing  effect. 
The  ratio  of  albumin  to  globulin  was  reported  as  1:6.36. 

Dermanskii,  Antonovich,  and  Silaev  (7)  found  two 
peptization  maxima  for  pea  protein,  one  in  3$  NaCl  correspond¬ 
ing  to  vicilin,  the  other  in  10  -  30$  NaCl  corresponding  to 
legumin.  Using  KC1  as  the  dispersing  agent  one  maximum  was 
obtained  in  a  0.03  -  0.05$  N  solution.at  pH  1.4  -  1.8. 

Ba  Clg  had  a  stronger  peptizing  action  than  KOI . 

Smith  and  Circle  (38)  determined  the  dispersion  of 
the  protein  of  Alaska  peas  over  a  pH  range  of  3.0  -  10.5, 
using  distilled  water  adjusted  to  these  acidities.  A  maximum 
dispersion  of  83.8$  was  obtained  at  pH  3.0,  with  a  second 
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maximum  of  97 .  7%  at  pH  9  -  10.5.  The  minimum  dispersion  of 
14.8%  was  at  pH  3.9. 

Linseed  Oil  Meal 

The  literature  contains  no  references  to  studies  on 
the  dispersion  of  the  proteins  in  commercial  linseed  oil  meal. 
Considerable  data  have,  however,  been  reported  on  oil-free 
flax  seed. 

In  1892  Osborne  (30)  found  that  the  proteins  of 
ether- extracted  ground  flax  seed  were  largely  soluble  both  in 
water  and  in  sodium  chloride  solutions.  He  extracted  with 
water  and  with  saturated  sodium  chloride  protein  equal  to 
10.5%  and  9.25%  respectively  of  the  original  weight  of  the  oil- 
free  meal. 

Staker  and  Gortner  (30)  attempted  to  disperse  the 
nitrogen-containing  substances  of  oil-free  Redwing  flax  in 
water  and  M/2  neutral  salt  solutions.  Water  peptized  64.07% 
of  the  total  nitrogen,  potassium  fluoride  53.53%,  potassium 
sulphate  65.26%,  potassium  chloride  57.64%,  potassium  bromide 
63.51%  ,  and  potassium  iodide  60.94%.  The  lyotropic  series 
differed  from  that  reported  for  pea  protein.  The  series  for 
dispersion  of  flax  seed  protein  was 

F  ^  Cl  <  I  <  Br  <-  SO  4 
but  water  was  as  effective  as  the  best  salt. 

O’Hara  and  Saunders  (19)  investigated  the  solubility 
of  the  nitrogenous  constituents  of  defatted  flax  seed  meal  in 
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sodium  chloride  solutions.  Water  dispersed  24 $  of  these  con¬ 
stituents.  In  concentrations  of  sodium  chloride  ranging  from 
0.125  N  to  saturation,  the  dispersion  varied  from  approximately 
42 $  to  65$.  Maximum  dispersion  was  obtained  in  0.575  N  to  2.0 
N  solutions. 

Smith,  Circle,  and  Brother  (29)  obtained  a  5 8$  extrac¬ 
tion  of  Bison  flaxseed  protein  with  water.  After  the  seed 
was  defatted  with  petroleum  ether  the  water  extract  contained 
66 %  of  the  total  protein.  A  2N  solution  of  NaGl  dispersed 
82$  of  the  protein  of  the  defatted  meal.  More  concentrated 
solutions  gave  no  higher  extraction. 

Alfalfa  Leaf  Meal 

No  figures  were  available  in  the  literature  on  the 
peptization  of  alfalfa  leaf  meal  protein.  In  fact,  very  little 
work  has  been  done  on  dry  leaves  of  any  species.  Plant  physio¬ 
logists  have  been  quite  interested  in  the  extraction  of  the 
protein  from  the  fresh  leaves  of  plants.  Miller  (17)  sum¬ 
marizes  briefly  the  methods  that  have  been  used  for  extraction. 
The  methods  consist  of  macerating  the  leaves  and  plasmolizing 
the  cells  with  "ether -water";  grinding  and  pressing  the  leaves; 
grinding  the  leaves,  followed  by  high  speed  centrifuging.  It 
is  quite  apparent  that  the  methods  for  the  extraction  of  the 
proteins  and  nitrogenous  products  from  leaves  vary  greatly  and 
the  indications  are  that  for  best  results  special  methods  of 


-  t  j  to  •  ■■■  -isieuelfi  "\:eu5’  4o.:iold'...Ioe  ox it  .oLclo  muliboa 

.  .  ■  ul  .  .  .  .  »  .  ...  utfi 

t  tnoicfBwc  '  .  « 

lb 

»  i: pi  C  JJlOO 

,slc  ...  . 

.  ,  .  .  .  x . .  .  £ 

jjGiiia J-.oo  to  j-coo.e  oot^o  eilj  mi  te  o-xsletts--  atio.  ,oe cftfato h  sbw 

■  '  c 

os  I  , 

•  ■ 

*0  :  xc- 1>  •  too  ;  .  os:  ley: 


ad.3 

70  S‘IiJ7BT9aiI 

Jj  i-L 

.  !  . 

•  s 

■  :  :::•  xioit  c  oach:  '  .1  ns  Jb'e&zvzeJul  e&lttp  no  a  d  ova.:!  at si 30! 

■  ■■r 

.  .  ;  i  i 

x  ‘  '•  j  -  •  ■  ol  x '.7.  to  Jc.ia  co  afruttoiX  oi<? 

:  '  . 

■  :  . 

edS  ■  •  :  ■o&'x&::e  9 d&  <iot  oDc  :Xsm  cat  taxlt  dne'xs  aqa  atiup  si 

\~0  V  •  7:  ,L  i: COCl  :.,jG  .7,  l  Sj./ore  O'Ttin  &JXJ3  EnietO-iq 

-  •  .  .  ■  .  ■  ..  S  .  '  C  •  $ 


extraction  must  be  applied  to  different  types  of  leaves. 

Osborne,  Wakeman,  and  Le&venworth  (21)  ground  and 
pressed  fresh  young  alfalfa  plants.  They  extracted  from  the 
expressed  juice  in  succession:  43*8$  of  the  total  nitrogen 
with  water;  2.0$  with  93$  alcohol;  7.0$  with  0.3$  aqueous 
NaOH;  and  39.3$  with  0.3$  alcoholic  NaOH.  Total  extraction 
was  92.1$  of  the  nitrogen  present. 

The  effect  of  drying  fresh  leaves  on  the  subsequent 
extraction  has  been  investigated.  Chibnall  (5)  reported  that 
the  total  water-soluble  nitrogen  of  the  fresh  leaves  of  the 
runner  bean  was  increased  from  21.57 $  to  33.68$  by  drying  the 
leaves  in  a  current  of  warm  air  at  40°0.  Conversely,  Totting- 
ham,  Schulz,  and  Lepkovski  (32)  found  that  drying  sugar  beet 
leaves  without  aeration  at  40°C.  lowered  the  total  amount  of 
soluble  nitrogen. 


Materials 


The  peas  used  in  this  study  were  of  three  common 
field  varieties — Idabel,  Chancellor,  and  Early  Blue — grown  at 
Edmonton.  The  linseed  oil  meal  was  a  commercial  sample.  The 
alfalfa  meal  consisted  of  the  air-dried  leaves  and  blossoms  of 
Ferax  alfalfa  plants  grown  in  1944  on  the  University  plots  at 
Edmonton.  The  alfalfa  was  60$  in  bloom  at  the  time  of  picking. 

All  samples  were  coarsely  ground  in  a  Wiley  mill, 
ground  for  six  hours  in  a  ball  mill,  and  then  stored  in  bottles. 
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Analysis  of  the  meals  yielded  the  following  data: 


Protein,  $  Moisture,  % 


Idabel 

29.6 

6.76 

Chancellor 

25.4 

8.37 

Early  Blue 

27.1 

8.58 

Linseed  Oil  Meal 

40.9 

8.64 

Alfalfa  Leaf  Meal 

27.6 

7.72 

The  term  "protein"  is  used  throughout  this  study  to 
include  all  nitrogenous  compounds  present  in  the  meals. 


Methods 


Protein  Dispersion 

Since  the  weights  of  meal*  quantities  of  solvent , 
and  the  methods  of  extraction  varied,  details  are  given  for 
each  individual  experiment.  The  flasks  containing  the  meal- 
solvent  mixtures  were  centrifuged  for  10  minutes  at  £000  r,p,m, 
and  the  supernatant  liquid  decanted.  The  nitrogen  content  of 
the  extract  was  determined  on  an  aliquot.  All  extractions 
were  made  at  room  temperature  and  in  duplicate. 

Oil  Extraction 

A  10-gram  sample  of  meal  was  extracted  with  50  ml, 
of  ether,  and  shaken  intermittently  for  a  period  of  two  hours. 
Two  subsequent  extractions,  each  with  50  ml,  of  ether  and  of 
one-half  hour  duration,  gave  complete  extraction. 
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Nitrogen 

The  Kjeldahl  method  with  mercuric  oxide  as  cata¬ 
lyst  was  used.  The  protein  was  calculated  as  N  x  6.25. 

Experimental  Results 


Pea  Meal 

The  protein  was  extracted  from  6-gram  samples  of 
pea  meal  with  three  successive  treatments  of  one-half  hour 
duration,  using  50  ml.  portions  of  the  dispersing  agent. 

Experiment  I 

The  effect  of  shaking  during  extraction  on  the 
dispersion  of  pea  meal  protein: 

The  protein  of  Idabel  pea  meal  was  extracted 
with  distilled  water  using  two  methods  of  shaking: 

(a)  Continuous  shaking  for  one-half  hour; 

(b)  Intermittent  shaking  -  2  minutes  shaking,  5  minutes 
at  rest,  for  one-half  hour. 

The  results  as  shown  in  Table  II  would  appear  to  indicate 
that  excessive  agitation  lowers  the  dispersion  of  pea 
meal  protein.  The  difference  was  so  slight,  however, 
that  not  much  significance  may  be  attached  to  it. 

All  subsequent  extractions  of  pea  meal 
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protein  were  made  using  intermittent  shaking 


TABLE  II 

The  dispersion  of  pea  meal  protein  as  affected 


by  shaking 

during  extraction 

Protein  extracted. 

$ 

Extraction 

Method  of  shaking 

I  II  III 

Total 

Intermittent 

46.3  36.7  6.8 

89.8 

Continuous 

45.0  33.3  8.0 

86.3 

Experiment  II 

The  dispersion  of  the  protein  of  Idabel  pea 
meal  in  different  concentrations  of  neutral  salt  solu¬ 
tions: 

The  protein  was  dispersed  in  concentrations  of 
1$,  2$,  3%,  and  4%,  of  the  three  salts — sodium  chloride, 
sodium  salicylate,  and  sodium  sulphate.  The  figures  for 
dispersion  in  distilled  water  are  included  for  comparison. 
The  results  are  presented  in  Table  III  and  Figure  1.  The 
protein  dispersed  in  1$  solutions  was  in  every  case  less 
than  that  dispersed  in  distilled  water.  This  decreased 
dispersion  is  similar  to  the  effect  of  weak  neutral  salt 
solutions  on  the  dispersion  of  soybean  protein  as  reported 
by  Smith  and  Circle  (28). 
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As  one  would  expect,  the  decrease  in  dispersion 
varied  with  the  salt  used.  Maximum  dispersions  were 
obtained  in  3 a/>  and  4^  concentrations.  The  results  for  the 
chloride  and  sulphate  ions  agree  with  the  results  of 
Staker  and  Gortner  ( 30 ) . 

TABLE  III 

The  dispersion  of  Idabel  pea  meal  protein  in 
neutral  salt  solutions 


Protein  extracted.  % 

Extraction 


Solvent 

I 

II 

III 

Total 

Distilled  HgO 

46.3 

36.7 

6.8 

89.8 

NaCl  1$ 

49.3 

9.6 

4.3 

63.1 

2 * 

77.0 

13.6 

3.5 

93.1 

% 

80.5 

11.6 

3.5 

94.6 

4$ 

83. S 

10.3 

1.9 

94.3 

NaSal o 1$ 

63.3 

13.1 

4.0 

78.4 

Zfo 

78.5 

10.7 

3.5 

91.7 

3 * 

83.0 

9.6 

1.5 

94.1 

4$ 

83.8 

9.5 

1.4 

94.7 

NapSOA  1% 

74.9 

11.4 

3.9 

83.3 

2% 

78.5 

10.7 

3.3 

91.4 

% 

79.0 

11.3 

3.3 

93.5 

4 $ 

80.4 

10.0 

3.1 

93.5 
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Figure  1 

The  dispersion  of  Idabel  pea  meal  protein 
in  neutral  salt  solutions  of 
various  concentrations 


Experiment  III 


A  comparison  of  the  dispersion  of  the  protein 
of  Idabel,  Chancellor,  and  Early  Blue  pea  meals  in  3$ 
sodium  chloride: 

The  results  are  reported  in  Table  IV,  The  dis¬ 
persion  of  the  protein  in  each  variety  was  well  over 
90$.  The  results  of  this  experiment  indicate  that  the 
solubility  of  the  nitrogen-containing  constituents  may 
vary  from  sample  to  sample. 


TABLE  IT 

The  dispersion  of  the  protein  of  different 
varieties  of  peas  in  3$  NaCl 


Protein  extracted. 

$ 

Extraction 

Variety 

I 

II 

III 

Total 

Early  Blue 

83.3 

11.5 

2.5 

97.3 

Chancellor 

78.6 

11.5 

2.7 

92*9 

Idabel 

80.5 

11.6 

2.5 

94.1 

Linseed  Oil  Meal 


The  dispersion  of  linseed  oil  meal  was  studied  in 
the  following  experiments,  using  three  successive  extractions 
of  one-half  hour  duration  on  the  mechanical  shaker; 
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Experiment  I 

The  meal- solvent  ratio  giving  maximum  disper¬ 
sion  of  linseed  oil  meal  protein: 

Samples  of  "natural"  and  "oil-free"  linseed 
oil  meal  weighing  2  grams  were  extracted  with  50  ml.  and 
100  ml.  portions  of  3$  NaCl.  The  results  are  summarized 
in  Table  V. 


TABLE  V 

The  meal- solvent  ratio  giving  maximum 
dispersion  of  linseed  oil  meal  protein 


Meal 

Volume  of  solvent,  ml. 

Protein  extracted,  % 

Oil-free 

50 

64.3 

100 

65.8 

Natural 

50 

61.4 

100 

63.6 

The  greater  solubility  of  the  protein  of  the  "oil- 
free"  samples  should  be  noted.  The  slight  increase  in  dis¬ 
persion  obtained  using  100  ml,  of  solvent  can  scarcely  be  con¬ 
sidered  significant.  Despite  this,  in  the  following  experiments 
100  ml.  of  solvent  were  used  in  each  extraction  for  every  2 
grams  of  meal. 


JLiid- . 5  Xe  eft; 

. 

•: ncledwro.  Xbc m  lio  toesnxl  lo  aoia 
XsesnlX  "■©e'xS-Ijfco*  f>,HB  ^Ismtjsn"  lo  selqiHfiS 
.-  i  .  "  *3  gM  . . 

,Xt  '  i  t .  * li  C  0 

»V  eltsT  a  I 

\r  v  Tm 

iJHi£;UXBi':  CfnS¥X08-“Xj.i©fiI  ©XiT 

disu  vBic;  iX'Bjj"  lie  .bee anil  to  ?.ioia*teqLaib' 


«•  te-  j.0:BoX8 

♦  Ici  vies  “lo  ©r?x;IoX 

Ijsb'l 

s.^e 

Cc 

©©‘Xl-IiO 

e.ea 

'COX 

£.xa 

Cc 

X 

a*se 

OCX 

-Iior  ©do  ‘lo  rj.eooa::  exict  io  \dilidirXoa  'X9vtB©i3  efIT 

■  .  ...  *J  '  el  ■■:■ 

vloa  to  .1  .  f  Jv.  UOX  ■ 

.1X50  O  . 


16  - 


Experiment  II 

The  dispersion  of  linseed  oil  meal  protein  in 
various  solvents: 

A.  As  a  preliminary  test  the  dispersion  of  the 
protein  of  the  "oil-free"  and  of  the  "natural"  linseed 
oil  meals  was  determined  in  5$,  6 $,  and  10$  sodium 
chloride.  The  results  are  reported  in  Table  VI,  with  the 
dispersion  in  distilled  water  given  for  comparison. 

TABLE  VI 

The  dispersion  of  linseed  oil  meal  protein  in 
various  concentrations  of  NaCl 


Protein  extracted,  % 


Extraction 


Solvent 

Meal 

I 

II 

III 

Total 

Distilled  water 

Oil-free 

25.9 

11.1 

5.8 

42.8 

NaCl  3$ 

Natural 

50.4 

10.4 

2.8 

63.6 

Oil-free 

51.4 

11.4 

3.0 

65.8 

6% 

Natural 

67.7 

6.1 

1.0 

74.8 

Oil-free 

67.0 

6.5 

1.1 

74.6 

10% 

Natural 

66.9 

6.2 

1.2 

74.3 

Oil- free 

67.0 

6.7 

1.2 

74.9 

Maximum  dispersion  was  obtained  in  the  6 % 
and  10$  solutions.  From  the  practical  point  of  view 
no  significance  can  be  attached  to  the  differences 
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between  the  dispersion  of  the  protein  of  the  natural  and 
oil-free  meals,  although  the  slight  difference  in  favor 
of  the  oil-free  meal  is  probably  real. 

B.  The  dispersion  of  the  protein  of  linseed  oil 
meal  was  determined  in  4$  sodium  sulphate,  8 $  sodium 
salicylate,  6$  sodium  carbonate,  7 $  ammonium  sulphate, 
and  0.5 $  NaOH*  The  pH  of  the  ammonium  sulphate  solution 
was  adjusted  to  7.0.  Dispersion  values  for  distilled 
water  and  6$  NaCl  are  included  for  comparison.  Table 
VII  summarizes  the  data. 

TABLE  VII 

The  dispersion  of  the  protein  of  linseed  oil 
meal  in  various  solvents 


Protein  extracted.  % 


Extraction 


Solvent 

Meal 

I 

II 

III 

Total 

Distilled  water 

Oil-free 

25.9 

11.1 

5.8 

42.8 

NaCl  6% 

Natural 

67.7 

6.1 

1.0 

74.8 

Oil- free 

67.0 

6.5 

1.1 

74.6 

Na2S04  4$ 

Natural 

63.6 

6.7 

0.8 

71.1 

(nh4)?so4  n 

Natural 

62.8 

7.5 

1.5 

71.8 

Oil-free 

63.1 

8.2 

2.4 

73.7 

Na  Sal.  8 $ 

Natural 

65.8 

8.4 

1.1 

75.4 

Oil-free 

62.2 

12.5 

2.1 

76.8 

Na2C03 

Oil- free 

64.4 

8.7 

0.8 

73.8 

NaOH  0.5$ 

Natural 

86.5 

5.6 

0.3 

92.4 

VI 
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Although  the  dispersion  of  the  protein  of  the 
"oil-free"  meals  tends  to  he  higher,  the  differences  are 
so  slight  that  they  are  of  no  practical  importance. 

The  dispersions  in  the  neutral  salt  solutions 
all  fell  within  the  range  of  from  71$  to  77$.  It  is  open 
to  question  whether  the  dispersion  in  8$  sodium  salicylate 
is  significantly  higher  than  that  in  6$  sodium  chloride. 

The  0.5$  NaOH  gave  the  highest  extraction. 

This  was  expected  as  many  compounds  are  soluble  in  alka¬ 
line  solutions.  This  extract  cannot,  however,  be  used 
in  amino  acid  analysis  for  two  reasons:  firstly,  much 
interfering  material  is  present  in  the  extract;  and 
secondly,  alkaline  solutions  alter  the  chemical  proper¬ 
ties  of  proteins  (18). 

Experiment  III 

The  dispersion  of  the  protein  of  linseed  oil 
meal  in  6$  NaCl  solutions  adjusted  to  various  acidities: 

The  pH’s  of  the  solutions  were  adjusted  with 
dilute  HC1.  Table  VIII  summarizes  the  results. 
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TABLE  Till 

The  dispersion  of  the  protein  of  linseed  oil 
meal  in  6 °/o  NaCl  solutions  adjusted 
to  various  acidities 


pH . 

Protein  extracted,  $ 

Extraction 

Total 

I 

II 

III 

2.3 

54.0 

2.1 

0.8 

56.9 

3.1 

61.8 

6.7 

1.0 

69.5 

4.1 

62.9 

7.1 

1.3 

71.3 

5.3 

63.4 

7.1 

1.1 

71.5 

6.4 

64.9 

6.9 

1.1 

72.9 

7.0 

64.7 

6.2 

1.3 

72.2 

No  appreciable  differences  in  dispersion  were 
noted  in  the  pH  range  4  to  7.  In  solutions  of  increased 
acidity  there  was  an  indication  that  protein  dispersion 
decreased  markedly.  Rich  (23)  reports  similar  results 
with  wheat  gluten.  The  dispersion  of  gluten  in  dilute 
magnesium  sulphate  solutions  was  very  little  influenced 
by  the  pH  unless  the  solution  was  strongly  acid  or 
alkaline.  Smith,  Circle,  and  Brother  (29),  however, 
obtained  maxima  and  minima  dispersions  of  soybean  pro¬ 
teins  by  altering  the  pH  of  salt  solutions. 

The  decreased  dispersion  of  the  protein  of 
linseed  oil  meal  in  6$  NaCl  in  this  experiment,  as  com¬ 
pared  with  that  reported  in  Experiment  II,  is  attributed 
to  the  effects  of  three  months*  storage  of  the  meal. 
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Smith  and  Circle  (28)  reported  that  the  aging 
of  soybean  meal  decreased  the  water-soluble  nitrogen* 

This  decrease  was  even  greater  with  salt-soluble  nitrogen. 

Alfalfa  Leaf  Meal 

The  protein  was  extracted  from  2-gram  samples  with 
three  successive  treatments  of  one-half  hour  duration  on  the 
mechanical  shaker,  using  100  ml.  portions  of  the  dispersing 
agent. 

Experiment  I 

The  dispersion  of  alfalfa  leaf  meal  protein  in 
various  solvents: 

The  concentrations  of  the  neutral  salt  solutions 
were  selected  because  they  had  given  the  maximum  disper¬ 
sion  obtainable  with  other  proteins.  Comparative  results 
for  distilled  water,  6 $  NaCl,  8 $  sodium  salicylate,  8 $ 
potassium  iodide,  0.5$  HC1,  and  0.5$  NaOH  are  given  in 
Table  IX. 
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TABLE  IX 

The  dispersion  of  alfalfa  leaf  meal  protein 
in  various  solvents 


Solvent 

Protein 

extracted,  $ 

I 

Extraction 

II 

III 

Total 

Distilled  water 

42.1 

5.5 

2.1 

49.7 

NaCl  6 $ 

49.2 

6.6 

1.3 

57.1 

Na  Sal.  8$* 

41.3 

13.1 

3.8 

58.2 

KI  8$ 

54.3 

5.8 

2.3 

62.4 

HC1  0.5$ 

41.9 

5.7 

2.8 

50.4 

NaOH  0.5$ 

75.0 

8.2 

0.9 

84.1 

*  Three  40 -ml.  extractions 


The  results  obtained  indicate  that  8$  KI  has  the 
strongest  dispersing  action.  As  might  be  expected,  the 
0.5$  HOI  dispersed  no  more  protein  than  water.  Higher  extrac¬ 
tion  was  again  obtained  with  0.5$  NaOH.  For  reasons  stated 
previously  this  protein  extract  cannot  be  used  for  accurate 
analytical  work. 

Experiment  II 

The  dispersion  of  alfalfa  leaf  meal  protein  in 
6$  NaCl  adjusted  to  various  acidities: 

The  pH  was  adjusted  using  dilute  HC1.  The 
results  are  recorded  in  Table  X.  The  dispersions  ob¬ 
tained  resemble  those  reported  previously  for  the  pro¬ 
tein  of  linseed  oil  meal  in  similar  solutions.  Over  a 


f  0  K,  - 


xi  sj£iV r 


.  :  :©  :  ■  •.  i  ©i  T 

ouTisyIos  auol?.3V  nl 


>.  *i . 


•  V<3 

•  15 

!~8 


_ 


uc  J:-o 


III 

II 

T 

. 

ctaevloo 

l.S 

G  «  C 

i.s* 

xedBW  bsIIid-olG 

5.1 

3*3 

S*  *  S£ 

c3  IObH 

e.5  . 

I.  SI 

e*i^ 

-  . 

s  *s 

8*5 

5.  £5 

c:6  12 

8,S 

v.e  , 

9*X£ 

c-c.0  -I OH 

9*0 

.8 

0*37 

:  a.o  a)3'i 

■  .Id- 01 


Grid*  jbX  lii  c  8  u  Brio  sd'BQlXuu  boniBit  cfo  a^Ix-sex  eiiT 

o  ♦ 

■  " 

•  -« ., x  x- •  V.3  J  -o-,o«  o  Jo x ..  .oenl sd’cf'o  .xiagB  bb  :  noij 

-•  -  •••  -r;  ©d  >7  or  n.  bo  it  .?n<  .<.::2etfo*ir;j  ax-id'  xJtWOjtve 

* Ji-XOVO  I BOX^l bhb 
II  iaeml'ieQzL 


al  to?  .  ism  Jsol  bIIbIIb  to  nois^sqail)  efiT 

:e::J  ;Lbl^3  ai;o±‘isy  ot  bed-ajjfcJ&a  IOb/1  kd 
g  iJ  •  I  OH  ©dulib  %niax;  beteuib  3  saw  Hq  etiT 

-jx  '.ol  \L a u o£ve?u  bei?oce?  oaorld*  ©lame  sex  banlBd- 

•  itulos  xaUbmia  ni:  laam  lio  boeanil  to 


pH  range  of  3.1  to  7.0  no  significant  difference  in  dis¬ 
persion  was  noted.  It  would  appear  that  in  more  acidic 
solutions  protein  dispersion  is  depressed. 


TABLE  X 

The  dispersion  of  alfalfa  leaf  meal  protein 
in  6$  NaCl  solutions  adjusted 
to  various  acidities 


bK  

Protein  extracted,  5 

i 

Extraction 

Total 

I 

II 

III 

2.3 

37.5 

3.7 

1.0 

43.  3 

3.1 

43.7 

4.4 

1.4 

49.5 

4.1 

43.3 

4.6 

1.3 

49.3 

5.3 

43.1 

4.7 

1.4 

49.3 

6.4 

43.7 

4.8 

1.4 

49.9 

7.0 

43.6 

4.8 

1.4 

49.8 

The  decreased  dispersion  of  the  protein  in 
6$  Nad  in  this  experiment  as  compared  with  the  dis¬ 
persion  reported  in  the  previous  experiment  is  attri¬ 
buted  to  the  effects  of  three  months1  storage. 


Extraction  with  the  Waring  Blendor 

The  Waring  Blendor  effects  a  very  fine  division  of 
meals.  Protein  dispersion  obtained  using  the  Y/aring  Blendor 
was  compared  with  that  obtained  using  the  ball  mill. 
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Material  and  Method 

Idabel  peas  and  ether-extracted  linseed  oil 
meal  were  used.  The  protein  was  dispersed  by  two  methods 

1.  The  meals  were  ball  milled  for  six  hours 
and  the  protein  extracted  in  the  usual  manner  by  three 
successive  half-hour  treatments  on  the  mechanical 
shaker. 

2.  The  peas  were  burr  milled.  The  linseed 
meal  was  not  ground  further.  The  meal  and  the  solvent 
were  introduced  into  the  Waring  Blendor,  and  whipped  for 
a  period  not  exceeding  six  minutes  until  the  meal  was 
very  finely  divided.  The  mixture  was  transferred  to  cen¬ 
trifuge  bottles  and  shaken  for  25  minutes  on  the  mechani¬ 
cal  shaker.  The  mixtures  were  centrifuged  for  10 
minutes  at  2000  r.p.m.  The  supernatant  liquid  was 
poured  off  and  the  nitrogen  content  determined  on  an 
aliquot.  Second  and  third  extractions  were  made  in  the 
usual  manner  on  the  mechanical  shaker. 

The  quantities  of  materials  used  may  be  tabu- 


lated  as  follows: 

Material 

Weight 

(gm.) 

Treatment 

Solvent 

Volume 

(ml.) 

Idabel  peas 

6 

Ball  mill 

%  NaCl 

50 

tt  tt 

30 

W.  Blendor 

ft 

250 

Linseed  oil  meal 

2 

Ball  mill 

6$  NaCl 

100 

(oil- free) 

5 

W.  Blendor 

ft 

250 

. 
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Larger  volumes  of  liquid  were  found  more  suit¬ 
able  in  the  Waring  Blendor.  Constant  meal: solvent  ratios 
were  maintained  for  the  individual  meals.  The  results 
are  presented  in  Table  XI. 

TABLS  XI 

A ^comparison  of  protein  dispersion  as  affected 
by  two  methods  of  meal  division 


Material 

Treatment* 

Protein  extracted,  $ 

Linseed  oil  meal 

1 

72.6 

(oil-free) 

2 

76.3 

Pea  meal 

1 

97.4 

(Barly  Blue) 

2 

98.1 

*  1  -  Meal  finely  ground  by  the  ball  mill 

2  -  Meal  finely  divided  by  the  Waring  Blender 


The  Waring  Blendor  showed  two  advantages: 

1.  It  eliminated  the  time-consuming  operation 
of  ball  milling. 

2.  It  gave  extraction  values  equal  to,  if  not 
greater  than,  grinding  with  the  ball  mill. 

It  had,  however,  several  disadvantages: 

1.  The  solutions  heated  while  the  blendor  was 
in  operation.  The  longer  the  period  of  operation  the 
higher  the  temperature  rose.  Headings  up  to  49°C.  were 
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2.  The  blades  travelling  at  very  high  speeds 
caused  extreme  foaming  in  the  solution.  Foaming  and 
denaturation  of  protein  are  directly  related. 

3.  Centrifuging  the  blended  material  was  very 
difficult.  Two  possible  explanations  for  this  have  been 
advanced.  The  particle  size  may  be  so  reduced  by  blend¬ 
ing  that  the  mixture  approached  a  colloidal  solution,  or 
it  may  be  that  films  of  solvent  were  adsorbed  to  the 
surface  of  the  particles,  thereby  lowering  their  speci¬ 
fic  gravity. 
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THE  ELECTRICAL  TRANSPORT  METHOD  OF 
BASIC  AMINO  ACID  ANALYSIS 


Literature  Review  and  Discussion 


Proteins  are  a  group  of  very  complex  chemical  sub¬ 
stances*  On  hydrolysis  they  are  characterized  by  the  fact 
that  they  yield  more  than  twenty  alpha-amino  acids. 

These  alpha-amino  acids  can  be  divided  into  three 
groups:  acidic,  basic,  or  neutral,  according  to  their  reac¬ 
tion.  The  reaction  is  dependent  upon  the  relative  strength 
and  number  of  the  basic  and  acidic  radicles  present  in  the 
individual  amino  acid.  The  basic  alpha-amino  acids  are 
arginine,  lysine  and  histidine.  Harrow  (11)  reports  two 

others — ornithine  and  citrulline— which  are  related  to  argi- 

too  st 

nine  but  are  not  considered  as  occurring  naturally  in  plant 

A 

material. 

To  date  there  have  been  developed  five  methods  of 
separating  the  basic  group  from  the  remainder  of  the  protein 
hydrolysate  (3).  Of  these  five,  two  have  been  adapted  to  the 
quantitative  estimation  of  arginine,  histidine,  and  lysine. 

The  other  three,  as  yet,  are  not  satisfactory  for  the  quanti¬ 
tative  isolation  of  the  group. 

Most  of  the  early  work  on  the  basic  amino  acid  con¬ 
tent  of  proteins  was  based  on  the  use  of  phosphotungstic  acid 
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as  a  precipitant  for  this  group.  It  is  not  completely  satis¬ 
factory,  although  it  forms  an  integral  part  of  the  Van  Slyke 
distribution  method  of  analyzing  proteins.  As  much  as  50$ 
of  the  cystine  present  is  also  precipitated  and  this  necessi¬ 
tates  an  additional  analysis  for  sulphur.  Mitchell  and 
Hamilton  (18)  discussed  the  errors  involved  in  the  phospho- 
tungstic  precipitation.  These  may  be  summarized  as  follows: 

1.  Tryptophane,  phenylalanine,  and  proline  may 
form  a  comparatively  insoluble  phospho tungstate. 

2.  Completeness  of  precipitation  depends  to  a 
large  extent  upon  the  conditions  of  precipitation. 

3.  Standard  correction  factors  are  not  entirely 
satisfactory.  The  solubility  of  the  bases  may  vary  with  their 
concentration.  A  correction  comparatively  small  in  magnitude 
may  be  quite  large  in  proportion  when  the  bases  are  present 

in  small  amounts. 

4.  Nitrogen  may  be  lost  on  decomposition  of  the 
precipitate. 

The  second  method  is  that  of  electrical  transport. 
The  first  record  of  the  use  of  an  electric  current  to  separate 
the  amino  acids  into  fractions  is  a  U.S.  patent  taken  out  in 
1912  by  Ikeda  and  Suzuki  (8)  for  the  electrical  separation  of 
glutamic  acid.  Foster  and  Schmidt  (8,  9)  found  that,  at  pH 
5.5,  a  protein  hydrolysate  can  be  separated  into  three  frac¬ 
tions  by  an  electric  current.  The  three  bases were  carried  to 
the  cathode  while  the  more  acidic  amino  acids,  aspartic, 
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glutamic,  and  hydroxy- glutamic  acids  were  carried  to  the  anode ♦ 
The  amino  acids  which  are  neutral  in  reaction  were  not  affected. 
The  method  of  electrical  transport  was  found  applicable  to  the 
preparation  of  pure  arginine  and  lysine  in  relatively  large 
quantities. 

Gox,  King,  and  Berg  (6)  found  the  method,  with  modi¬ 
fications,  to  be  almost  entirely  satisfactory  for  the  indivi¬ 
dual  isolation  of  arginine,  histidine,  and  lysine, 

Albanese  (1)  improved  upon  the  methods  and  the 
equipment  used  previously.  He  reported  a  method  of  determin¬ 
ing  the  basic  amino  acid  content  of  protein  hydrolysates, 
involving  the  quantitative  transport  by  an  electric  current, 
of  arginine,  histidine,  and  lysine  to  the  cathode. 

The  work  reported  in  the  following  section  is  an 
investigation  of  the  efficiency  of  the  electrolytic  cell  and 
of  subsequent  methods  of  analysis  of  the  catholyte. 

Apparatus 


Description  of  the  Electrolytic  Cell 

The  apparatus  used  was  built  in  the  laboratory  and 
is  similar  to  that  used  by  Albanese  (1).  (Plates  1  and  2). 

The  cell,  made  of  birchwood,  consists  of  three 
sections.  All  surfaces  are  water  proofed  with  successive 
coats  of  spar  varnish.  In  addition,  the  inner  and  adjoining 
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Plate  1 

The  Electrolytic  Cell 
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Plate  2 


Constructional  details  of  the 
electrolytic  cell 
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surfaces  are  coated  with  wax*  The  sections  are  separated  by 
dissimilar  membranes,  and  each  resulting  chamber  has  an 
approximate  volume  of  125  ml.  Surfaces  between  sections  are 
kept  water-tight  with  rubber  gaskets  coated  with  a  thin  film 
of  paraffin  wax.  Four  long  bolts  hold  the  cell  tightly 
together.  Taps  of  rubber  hose  are  used  to  drain  the  contents 
of  the  anode  and  cathode  chambers. 

The  use  of  dissimilar  membranes  is  necessary  to  pre¬ 
vent  endosmotic  action.  The  anodic  membrane  is  similar  to  that 
used  by  Albanese.  Linen  is  coated  with  gelatin.  The  gelatin 
is  subsequently  hardened  by  soaking  in  4 °/o  formaldehyde  solu¬ 
tion.  The  wet  membrane  is  stretched  tightly  over  a  frame  and 
allowed  to  dry.  The  cathodic  membrane  is  cellophane  dialysis 
paper. 

The  cathode  is  45-mesh  platinum  gauze,  two  inches  by 
two  inches,  with  wire  edges.  A  two-inch  post  extends  down 
the  middle  of  the  electrode.  The  anode  is  cut  from  one- 
quarter-  inch  sheet  carbon,  two  inches  by  two  and  one- quarter 
inches.  This  arrangement  has  been  found  to  be  quite  satisfac¬ 
tory,  except  that  the  carbon  anode  gradually  disintegrates, 
necessitating  frequent  replacements.  The  particles  of  carbon 
become  dispersed  throughout  the  anode  chamber  and  cover  the 
membrane  surface.  In  an  attempt  to  overcome  this,  glazed 
brush  carbon  was  tried.  This  electrode  stood  up  for  15  to  20 
hours  of  operation.  Once  the  outer  glazed  surface  disintegrated 
the  electrode  wore  away  more  rapidly  than  the  carbon  in  regular 


be&BOQ 


V 


...  *  di  t 

a  .  •:  •  ••  e  .  .-n.c a J . . ..  r  Is.  r-s.r;.: 

'  •  .  ,Ixa 

ail  j  . ;  fr  j  .  <fi  Mw  ;  -  ...  . 

•  XJ 

♦  ^  •• '■ ...  C  ;  •  0.8 -  .00  i .  .  OOGHO  8  GO"  ’ r O 

( ;  ..  eo .  ...  •  .  .  -  l  taa. :l  ... 

...  ci  .sol  •  .  3 

.  o  si  i 

£  1  al  ;  1  ...  ...  ©i]  ..  ^1  ©i/p<  ..  . 

. .  ■  .....  i 

,  *  .  . 

*  isqac; 

-  ■  o  . 

fra  .  1  ai~  ■  .a©  I  d  i  ,  onl  omt 

— 3Go  ii:c#r<i  due  ax 

:  ■  .  - 

•  • 

'  .  ma$£  18  1  .'  .  v 

r,.  •’  voo  do. .  ic :.o ■■■:■: .Id  ox  ■■  s.jd  dJ^onajJC'Did  o^coed 

.  ! 

d  .  .  .  ... 

.  I  •  ...  B\  .  .  9  i 


■ 


30  - 


use. 

The  solutions  present  in  the  cell  heat  when  sub¬ 
jected  to  electrolysis.  U- tubes  containing  running  water 
(20°C.)  are  passed  through  the  anode  and  cathode  chambers  to 
offset  this. 

Stirring  of  the  solutions  in  all  three  compartments 
is  necessary  to  effect  complete  separation.  This  agitation  is 
obtained  in  the  anode  compartment  by  the  release  of  chlorine 
and  in  the  cathode  compartment  by  the  release  of  hydrogen. 

The  central  compartment  is  stirred  with  a  Cenco  variable  speed 
stirrer. 

The  electrical  circuit  consists  of  a  100-watt  lamp, 
a  milliamp  ammeter,  and  the  cell  electrodes  connected  in 
series  to  a  110-volt  D.C.  line  (see  Plate  2). 

Operation  of  the  Electrolytic  Cell 

The  following  procedure,  based  on  that  outlined  by 
Albanese,  was  adopted: 

Hydrolysis 


A  1-  to  2-gram  sample  of  protein  is  hydrolyzed 
for  24  hours  with  5  ml.  per  gram  of  20%  HOI  (using  all 
glass  apparatus).  The  hydrolysate  is  diluted  to  100  ml. 
in  a  volumetric  flask  and  total  N.  is  determined  by  the 
Kjeldahl  procedure.  An  aliquot  representing  0.5  to  1.0 
grams  of  protein  is  used  for  electrolysis. 


OS 


•  -o' jjs  rif>  daeo  Jiao  o-.-'J'  nx  Ifceaax,  anoilf/Xoe  eriT 

jj  .  .v.-  &£  ,  ".•'■■  - v 1 3  ;;  L  c:C  :  ..  I 

.  e  SB  .  OS) 

.  aicio  &®a\Lx 

:•  •-O'liiv  11b  ill  tiiOX^tiJiGc;  ©Uu  *0 

.  ,  .  '  .  &$sl  0  toi 

onl'iolslo  to  jobqLvj,  3  il  vcl  taieM^anoo  aSoiXB  oil  rrl  i3©cxlB#cfo 
..  •  .  ■  ■  $s  '  .  mot  ■  i&  so  ■  .  ■ 

jbo  b  C?.v.fy0  B  ...o  .6a-ii:lcl'3  .,1  frneiiu+Sf^oo  iB'idxeo  aAT 

t  0 

ni  ■  .  .  .  .  ■  le  Eac  in  .  .  .  1  lllli 

,  {  .  *  rl  -Oil 


xa ■  y,j\/flPc:.L-  0.  A _ _ _ ve  •  0 

:  hei  of.  -  a£w  , 


s^loi 

V-  of 

■'  ie.i  .  :■  sL.ju.yz  ,  ,£‘lc:(- S 

cl  -1  A 

iau) 

XOH 

j  xv;  ezvod  £S  xcl 

...  001 

od  h 

JbIIX  bx  e,iB2\XoxXY^  6  AT 

* 

: 

♦  .  ...  OO' 


•  .  •  • 


31  - 


Electrolytic  Technique 

The  anode  and  cathode  compartments  are  filled 
with  distilled  water,  the  middle  chamber  being  only  half 
filled.  The  current  is  turned  on  and  the  sample  is 
pipetted  into  the  middle  compartment,  which  is  then 
filled  with  distilled  water  to  the  same  level  as  the 
others.  The  completion  of  electrolysis  is  indicated  by 
current  drop  as  registered  on  the  ammeter. 

The  contents  of  the  cathode  compartment  are 
then  run  into  a  150 -ml.  beaker.  The  chamber  is  washed 
several  times  with  distilled  water  and  the  washings 
added  to  the  original  catholyte.  The  current  is  now 
turned  off.  The  contents  of  the  anode  and  middle  cham¬ 
ber  are  discarded. 

For  complete  separation  of  histidine,  lysine, 
and  arginine,  the  foregoing  procedure  must  be  carried 
out  twice.  The  first  separation  eliminates  HC1  by  elec¬ 
trolysis,  the  hydrogen  being  released  at  the  cathode, 
and  the  chlorine  escaping  at  the  anode.  All  but  the 
more  acidic  of  the  amino  acids  are  carried  by  electrical 
transport  to  the  cathode.  The  transport  of  the  basic 
amino  acids  alone  is  effected  by  the  second  separation 
at  pH  5.5.  This  latter  separation  is  essentially 
electrodialysis,  since  it  is  accompanied  by  no  decompo¬ 
sition. 
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Electrolysis 

The  current  rises  rapidly  to  750  to  800  milli¬ 
amps  shortly  after  the  sample  is  introduced  and  it 
remains  at  this  point  for  about  six  hours.  At  hourly 
intervals  approximately  half  the  contents  of  the  anode 
chamber  are  removed  and  replaced  by  distilled  water. 
Electrolysis  is  complete  when  the  current  drops  to  100 
to  200  mi  Hi  amps. 

Dialysis 

The  primary  catholyte  is  adjusted  to  pH  5.6  to 
5.8  with  dilute  HgS04  using  a  potentiometer  equipped  with 
outside  electrodes.  This  solution  is  introduced  into 
the  middle  compartment  as  before.  The  current  rises 
rapidly  to  about  450  to  500  milliamps  and  then  drops 
slowly  to  50  to  75  milliamps  in  about  45  minutes,  when 
the  dialysis  is  complete. 

Methods 

Nitrogen 

Nitrogen  was  determined  by  the  modified  Kjeldahi- 
Gunning-Arnold  method,  except  where  the  micro-Kjeldahl  method 
is  specified.  In  the  latter  method,  ammonia  was  caught  in  a 
2%  boric  acid  solution.  The  ammonia  was  titrated  with  N/100 
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HC1,  using  a  mixed  indicator  of  methyl  red  and  methylene  blue* 
(27,  31) 

Qualitative  Tests 

The  precipitation  reaction  of  the  basic  amino  acids 
with  phosphotungstic  acid  was  used  as  a  general  qualitative 
test. 

The  diazo  reaction,  which  is  sensitive  to  one  part 
of  histidine  in  300,000  and  the  Sakaguchi  reaction,  positive 
to  one  part  of  arginine  in  2,500,000,  were  used  as  specific 
colorimetric  tests  (14,  35), 

The  presence  of  ammonia  was  detected  with  Nesslerfs 

reagent. 


Experimental  Results 


The  Efficiency  of  Electrical  Transport 

Two  experiments  were  made  to  determine  the  complete¬ 
ness  of  the  transport  and  of  the  separation  of  the  basic  amino 
acids  in  the  electrolytic  cell. 

Experiment  I 

The  dialysis  of  arginine  HCl: 

Samples  of  relatively  high  and  lo w  arginine 
content  were  dialyzed.  The  arginine  was  precipitated 
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with  flavianic  acid.  A  solubility  correction  for  argi¬ 
nine  monoflavianate  of  one  gram  arginine  N  per  100  ml. 
solution  was  applied.  Three  solutions  containing  12.43 
mg.,  20.70  mg.,  and  20.70  mg.  arginine  nitrogen  were 
dialyzed.  The  percentage  recoveries  were  99.4$,  98.6$, 
and  100.5$,  respectively. 

Experiment  II 

The  electrical  transport  of  the  basic  (amino 
acid)  nitrogen  of  an  amino  acid  mixture: 

The  mixture  simulated  a  protein  hydrolysate 
containing  amino  acids  of  all  reaction  types.  A  solu¬ 
tion  containing  12.48  mg.  N  as  glycine  (neutral),  5.42 
mg.  N  as  aspartic  acid  (acidic),  12.64  mg.  N  as  argi¬ 
nine  H01,  5.05  mg.  N  as  lysine  HG1,  and  4.00  mg.  N  as 
histidine  HC1  (all  basic)  was  introduced  into  the  cell. 
The  electrolysis  was  complete  in  one  hour;  the  dialysis 
in  25  minutes.  The  resulting  catholyte  contained  21.79 
and  21.87  (duplicate)  mg.  N  as  compared  with  the  ori¬ 
ginal  21.74  mg.  basic  N.  The  percentage  recoveries  were 
therefore  100.2$  and  100.6$,  respectively 

Qualitative  tests  were  made  during  the  trans¬ 
port  of  Sample  I.  Negative  Sakaguchi,  diazo,  and  phos- 
photungstic  acid  tests  were  obtained  on  the  contents  of 
the  central  and  anode  compartments  at  the  completion  of 
electrolysis  and  dialysis.  The  final  catholyte  tested 
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positive  for  each  of  the  three  reactions. 

This  experiment  indicates  that  the  basic  amino 
acids  are  transported  quantitatively  to  the  cathode 
chamber  and  that  they  may  be  effectively  separated  from 
a  protein  hydrolysate  by  electrical  transport. 

Analysis  of  the  Qatholyte  Using  Various  Methods 

The  current  transports  ammonia  as  well  as  the  three 
basic  amino  acids  to  the  cathode.  Before  any  subsequent 
analysis  may  be  made  this  ammonia  must  be  removed  by  aerat¬ 
ing  the  catholyte.  Ammonia- free  air  is  drawn  through  the 
sample  at  45°G.  for  one  hour.  Analyses  have  shown  no  loss  of 
the  basic  amino  acids  by  this  procedure.  Samples  testing 
positive  for  ammonia  with  Nessler’s  reagent  were  aerated.  At 
the  end  of  one  hour  no  ammonia  could  be  detected. 

Three  methods  of  analysis  were  investigated. 

Method  I 


The  precipitation  method  as  outlined  by  Alba- 

nese : 

Procedure  -  separation  and  determination  of  arginine 
To  the  second  catholyte, nade  acid  to  methyl  red  with 
dilute  sulphuric  acid  and  heated  on  the  steam  bath, 
is  added  flavianic  acid  solution  (1:2  moles  per  mole 
of  arginine  expected).  After  10  minutes  the  mixture 
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is  allowed  to  cool  to  room  temperature  and  stored 
in  the  ice  box  for  several  days.  Arginine  flavia- 
nate  is  filtered  off,  dried,  and  weighed,  A 
solubility  correction  of  1.0  mg.  of  arginine  nitro¬ 
gen  per  100  ml.  of  solution  is  applied  to  all 
reported  values.  The  arginine  nitrogen  value  cal¬ 
culated  from  the  monoflavianate  (11.48$)  is  reported 
as  percent  of  the  total  nitrogen  of  the  protein. 

Electrical  removal  of  flavianic  acid:  The  filtrate 
after  removal  of  arginine  flavianate  is  introduced 
into  the  middle  compartment  of  the  cell.  A  drop  of 
dilute  sulphuric  acid  is  added  to  each  of  the  anode 
and  cathode  compartments  to  increase  the  initial 
conductivity.  The  flavianic  acid  then  passes  to 
the  anode,  histidine  and  lysine  to  the  cathode.  The 
time  required  is  approximately  one  hour.  The  cur¬ 
rent  rises  rapidly  to  400  milliamps  and  then  slowly 
drops  to  75  milliamps  or  lower. 

Histidine  determination:  The  alkaline  catholyte  is 
made  just  acid  to  methyl  red  with  dilute  HC1.  Satu¬ 
rated  mercuric  chloride  is  added  (4  moles  per  mole 
of  histidine  expected).  Dilute  NaOH  is  added  drop 
by  drop  until  the  red  color  of  methyl  red  is  dis¬ 
charged  and  a  pinkish  tinge  (pH  6.8  to  7.0)  appears 
with  phenol  red  when  a  white  flocculent  precipitate 
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forms.  The  resulting  mixture  (about  100  ml.)  is 
allowed  to  stand  at  room  temperature  for  several 
hours,  and  is  then  centrifuged. 

The  precipitate  is  washed  twice  with  about 
10  ml.  of  water,  dissolved  in  dilute  HC1,  made  to 
volume  and  aliquots  removed  for  micro -Kj el dahl 
determinations.  The  nitrogen  content  of  the  whole 
solution  is  estimated  as  histidine  N,  a  percentage 
of  the  total  N. 

Lysine  determination:  The  supernatant  fluid  and  wash¬ 
ings  from  the  histidine  determination  are  made  to 
volume  and  nitrogen  determined  by  the  micro-Kjeldahl 
method.  Total  nitrogen  of  this  fraction,  less  nitro¬ 
gen  due  to  the  solubility  of  the  arginine  flavianate, 
is  estimated  as  lysine  nitrogen. 

Experiment  I  -  The  analysis  of  a  basic  amino  acid 
mixture : 

A  solution  containing  7.70  mg.  N  as  lysine 
HC1,  19.98  mg.  N  as  histidine  HOI,  and  20.54  mg.  N 
as  arginine  HC1  was  introduced  into  the  cell. 

The  dialysis  time  was  sixty  minutes.  The 
catholyte  was  aerated  and  flavianic  acid  added.  No 
arginine  flavianate  was  precipitated  in  a  period  of 
five  days. 

This  test  was  repeated  twice  with  similar 


results 
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Experiment  II  -  The  electrolysis  of  a  gluten  hydro¬ 
lysate: 

The  gluten  was  washed  from  wheat  flour 
using  distilled  water,  and  hydrolyzed  with  20 %  HC1 
for  24  hours.  An  aliquot  of  the  hydrolysate,  repre¬ 
senting  102.8  mgm.  N  was  used.  The  electrolysis 
required  6f  hours;  the  dialysis,  1  hour. 

The  catholyte  was  aerated  and  flavianic 
acid  added.  No  precipitate  formed  in  a  period  of 
3  days.  At  the  end  of  5  days  a  few  crystals  were 
observed.  These  were  of  two  types:  (a)  orange 
platelets;  (b)  yellow  needles.  The  former  fitted 
the  description  of  arginine  monof lavianate ;  the 
latter  were  obviously  arginine  dif lavianate. 

Precipitation  again  was  unsatisfactory. 

The  poor  results  obtained  may  be  due  either  to  one 
or  both  of  two  factors: 

1.  the  pH  adjustment  using  indicators 
was  unsatisfactory; 

2.  the  precipitation  was  attempted  from 
too  dilute  a  solution  with  respect  to  arginine. 

A  potentiometer  equipped  with  outside 
electrodes  later  became  available  for  use.  The  pH 
adjustments  in  the  two  following  experiments  were 
made  using  this  apparatus. 
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Experiment  III  -  The  effect  of  pH  on  the  precipita¬ 
tion  of  arginine  flavianate: 

A  solution  of  arginine  HC1,  containing 
7.98  mg.  arginine  nitrogen,  was  made  basic  with 
NaOH,  so  that  the  pH  on  addition  of  excess  flavia- 
nic  acid  was  9.0.  Final  volume  was  40  ml.  The 
solution  was  gradually  made  acidic  by  the  addition 
of  dilute  sulphuric  acid.  Arginine  flavianate  crys¬ 
tals  formed  immediately  at  a  pH  of  3.0. 

This  procedure  was  repeated  with  a  weaker 
concentration  of  arginine.  The  solution  contained 
7.98  mg.,  arginine  nitrogen  in  a  final  volume  of  80 
ml.  Arginine  flavianate  crystals  appeared  at  a  pH 
of  3.9 . 

With  a  similar  solution  of  arginine,  contain¬ 
ing  excess  flavianic  acid  and  adjusted  with  dilute 
sulphuric  acid  to  pH  1.5,  no  precipitation  of  argin¬ 
ine  flavianate  occurred  until  the  pH  was  raised  to 
2.0  with  dilute  NaOH. 

These  tests  would  indicate  that  arginine 
may  be  precipitated  most  readily  as  the  monoflavia- 
nate  in  the  pH  range  2.0  to  3.0. 

Experiment  IY  -  The  analysis  of  an  artificial  protein 
hydrolysate: 

The  artificial  hydrolysate  contained  1/5 


ml.  HOI,  12.48  mg.  of  N  as  glycine  and  5.42  mg.  of  N 
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as  aspartic  acid*  In  addition,  arginine,  histidine 
and  lysine  were  added  as  their  HC1  salts  in  the 
quantities  indicated  in  Table  XII. 

The  electrolysis  was  complete  in  1^  hours 
the  dialysis  in  45  minutes. 

The  catholyte  was  made  acid  to  litmus  and 
concentrated  in  vacuo  to  20  ml.  Arginine  flavianate 
was  precipitated  at  a  pH  of  2.8.  Recoveries  of  all 
fractions,  as  given  in  Table  XII,  are  excellent. 


TABLE  XII 

The  analysis  of  an  artificial 
protein  hydrolysate 


Nitrogen,  % 

Theoretical  Experimental 

Recovery,  °/o 

Arginine 

17.96 

17.85 

99.4 

Histidine 

7.28 

7.31 

100.1 

Lysine 

6.40 

6.40 

100.0 

Method  II  • 

This  method  was  intended  to  eliminate  the  pre¬ 
cipitation  of  arginine  as  the  mono flavianate. 

Procedure  -  The  aerated  catholyte  is  made  acid  to 
methyl  red  with  dilute  HC1.  Saturated  mercuric 
chloride  is  added,  4  moles  per  mole  of  histidine 
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expected.  The  histidine  is  precipitated  when  the 
pH  is  adjusted  to  6.8  to  7.0,  using  dilute  NaOH. 
After  standing  several  hours,  the  mixture  is  cen¬ 
trifuged.  The  supernatant  liquid  is  poured  off, 
and  the  precipitate  is  washed  with  two  successive 
10-ml.  portions  of  water. 

The  histidine  precipitate  is  dissolved 
with  dilute  HOI  and  made  up  to  volume.  The  nitrogen 
is  determined  by  the  micro-Kjeldahl  method.  The 
filtrate  and  washings  are  combined  and  made  up  to 
volume.  Two  determinations  are  made:  (1)  Total  N 
is  determined  by  the  micro-Kj eldahl  method; 

(2)  Arginine  N  is  determined  by  the  direct  method 
of  Plimmer  and  Bosedale  (22).  The  preliminary  step 
of  alkaline  aeration  is  not  necessary,  since  no 
amide  N  is  present. 

Total  N  -  Arginine  N  =  Lysine  N. 

Experiment  I  -  The  analysis  of  a  basic  amino  acid 
mixture: 

The  original  solution  contained  19.94  mg. 
of  N  as  arginine  HOI,  15.46  mg.  of  N  as  histidine 
HC1,  and  7.65  mg.  of  N  as  lysine  HC1.  Electrical 
transport  was  completed  in  35  minutes.  Subsequent 
analysis  showed  the  catholyte  contained  19.58  mg,  of 
arginine  N,  13.34  mg.  of  histidine  N,  and  7.53  mg. 
of  lysine  N.  The  recoveries  were  therefore  98.2$, 
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97.9$,  and  98.4$  respectively. 

Experiment  II  -  The  analysis  of  an  artificial  pro¬ 
tein  hydrolysate: 

The  solution  before  electrolysis  contained 
13.97  mg.  of  aspartic  acid  N,  3.02  mg.  leucine  N, 

9.51  mg.  histidine  N,  6.19  lysine  N,  and  20.60  mg. 
arginine  HOI,  and  5  ml.  HC1.  The  basic  amino  acids 
were  present  as  their  HC1  salts.  The  time  of  the 
electrolysis  was  7  hours;  of  the  dialysis  45  minutes. 
The  aerated  catholyte  contained  18.71  mg.  histidine 
N.  The  catholyte  of  a  duplicate  contained  26.06  mg. 
histidine  N. 

Lysine  and  arginine  determinations  were 
not  completed  for  either  sample. 

Experiment  III  -  The  analysis  of  a  linseed  oil  meal 
hydrolysate: 

The  meal  was  extracted  with  ether  and 
hydrolyzed  with  20$  HC1  (5  cc.  per  gm. )  for  24  hours. 
An  aliquot  of  the  hydrolysate  representing  158.7  mg. 

N  was  used  for  electrical  transport.  The  electro¬ 
lysis  was  completed  in  6  |  hours,  the  dialysis  in 
one  hour.  The  aerated  catholyte  was  analyzed  for 
arginine  and  histidine. 

The  meal  contained  14.07$  of  the  total  N 
as  arginine  N,  and  7.42$  as  histidine  N.  This 
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sample  was  shown,  by  Method  III,  to  contain  18.96$ 
arginine  N  and  3.72$  histidine  N. 

Discussion 

The  excellent  results  obtained  in  Experi¬ 
ment  I  can  be  explained  only  by  chance  precipitation. 
The  other  results  indicate  that  arginine  is  also 
precipitated  by  mercuric  chloride  in  the  histidine 
fraction.  To  obtain  specific  precipitation  of  his¬ 
tidine  the  pH  of  the  solution  must  be  exact.  It  can 
be  demonstrated  that  mercuric  chloride  will  preci¬ 
pitate  arginine  in  an  acid  solution.  Application  of 
this  method  as  a  standard  procedure  is  too  unsatis¬ 
factory  when  indicators  are  the  only  available  means 
of  pH  adjustment.  Further  work  with  this  method  is 
contemplated;  the  intention  is  to  use  the  pH  meter 
to  regulate  acidity. 

Method  III 

This  is  an  application  of  the  Van  Slyke  nitrogen 
distribution  method  of  protein  analysis  (18). 

Procedure  -  The  aerated  catholyte  is  made  up  to  a  volume 
of  200  ml o  The  following  determinations  are  then  made: 

1.  Total  nitrogen  is  determined  on  10-ml.  aliquots  by 
the  micro-Kjeldahl  method. 
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2.  Arginine  nitrogen  is  determined  by  the  method  of 
Plimmer  and  Rosedale  on  a  100-ml.  aliquot  (22). 

3.  Amino  nitrogen  is  determined  on  4-ml.  aliquots  by 
the  Van  Slyke  method  (34). 

The  values  of  histidine  nitrogen  and  lysine 
nitrogen  may  be  calculated  by  the  following  equations: 
Total  N  =  arginine  N  +  histidine  N  +  lysine  N 
Amino  N  =  1/4  arginine  N  +  1/3  histidine  N  + 

lysine  N 

Non-amino  N  -  3/4  arginine  N  v  2/3  histidine  N. 

Experiment  I  -  The  analysis  of  an  artificial  pro¬ 
tein  hydrolysate: 

The  solution  contained  1/5  ml.  of  HClt 
4f 00  mg.  of  histidine  N,  12.69  mg.  of  arginine  N, 
5.05  mg.  of  lysine  N,  5.42  mg.  of  aspartic  acid  N, 
and  12.48  mg.  of  glycine  N,  The  electrolysis  was 
complete  in  lj  hours;  the  dialysis  in  25  minutes. 

Two  such  solutions  were  electrolyzed.  The  catholyt© 
from  the  first  was  concentrated  under  reduced  pres¬ 
sure  at  45°C.  to  a  volume  of  50  ml.  The  second 
catholyt e  was  aerated  for  one  hour  at  45 °0. 

The  analytical  results  obtained  are  sum¬ 


marized  in  Table  XIII 
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TABLE  XIII 


The  analysis  of  an  artificial 
protein  hydrolysate 


Nitrogen,  mg. 

Theoretical  Experimental  Recovery,  % 


Total  basic 

21*74 

Arginine 

12*69 

Histidine  +  lysine 

9.05 

Histidine 

4.00 

Lysine 

5.05 

1 

2 

1 

2 

21*79 

21*87 

100.2 

100.6 

12*53 

12.60 

98*7 

99.3 

9*26 

9.27 

102.3 

102.4 

3.84 

4.08 

96.0 

102.0 

5.42 

5.19 

107*3 

102*8 

Excellent  recovery  of  total  basic  nitrogen 
and  of  arginine  nitrogen  was  obtained  with  both 
samples.  The  distribution  of  nitrogen  between 
lysine  and  histidine  depends  upon  the  accuracy  of 
the  amino  nitrogen  determination.  This  was  very 
unsatisfactory  with  Sample  1.  Better  results  were 
obtained  with  Sample  2. 

The  results  showed  that  the  accuracy  of 
this  method  of  analysis  is  limited  by  the  accuracy 
of  the  amino  nitrogen  analyses.  If  the  latter  are 
inaccurate  the  percentages  of  both  histidine  and 
lysine  are  unreliable. 

This  experiment  also  demonstrated  that 
basic  nitrogen  was  not  lost  from  the  alkaline 
catholyte  either  by  aerating  or  by  concentrating 
under  reduced  pressure  at  45°G. 


IE.;  3x;..t  ■  - 

ixltl'iij'YX  --  3o  dlavls: is  snv 

' 


<? 

I 

o 

X 

a.o  ax 

, 

V6#  £3 

ev*33 

3V#i:: 

OXEBCf  lBdo3‘ 

?;  #  ee 

v«:  - 

« 

se.'jx 

. 

©0xnl3fx.o 

.  1 

?  * 

-8S.C 

, 

e:i,3.;'vl  anloi:dxi:£ 

0.  1 

* 

■bS*S 

•  J 

eniMtfelo: 

3.  10  i 

*  : 

i.a 

:  .e 

.  ,e 

-  saxaul 

nbjO'ijxn  ol'a.  d  £s,toJ  lo  viavooe-i  dseXXeoXK 

rt c  vi  v.*:.. nt  oo  ado  xxo  ; jj  adi'  caad  ©nx3idsi3  ;•  ixb  snxs^I 
'  . 

* 

,3  el-xxBc  3c\av  Lanxxddo 
*io  ,c.x;,/  oj  jodt  i.a>  cfx  ecfXtfcse'r  g3? 

l':  -  j  ov.:  .3  \d  3edL  :11  ai.  ala3l£OB  lo  aodden:  f  13d 

. 

-.;...  ;..v.  ;.v..  ■  .:!  "  o  ,e;;ii3^ii©0'i©q  ed&  qJ^'Ujoo  -x  1 

'  ,©1  ..  .. 

d  .  d^xd  snomoJj  osXb  tfxiofitt'ieqxe  aifiT 

anilBdla  ,vt  noXt  dsoX  don  jbw  xia^o'idin  oXaBef 

>0  ’  o 

.  j  o 


-  46  - 


Experiment  II  -  The  analysis  of  gelatin  hydroly¬ 
sates: 

Duplicate  samples  of  gelatin  were  hydro¬ 
lyzed  24  hours  with  20$  HC1.  The  humin  was  filtered 
off,  and  the  hydrolysates  were  made  to  volume. 

Humin  and  hydrolysate  fractions  were  analyzed  for 
nitrogen. 

Two  aliquots  of  hydrolysate  A,  each  repre¬ 
senting  152.2  mg.  nitrogen,  and  one  of  hydrolysate 
B,  representing  155.5  mg.  nitrogen,  were  analyzed. 
The  duration  of  the  electrolysis  was  hours  and 
of  the  dialysis  35  minutes  for  each  of  the  three 
samples.  Table  XIV  summarizes  the  results.  All 
calculations  were  made  on  the  basis:  total  N  * 
humin  N  +  hydrolysate  N. 


TABLE  XIV 

The  analysis  of  duplicate  gelatin 
hydrolysates 


Hydrolysate  A 

1  2 

Hydrolysate  B 

Total  basic  N,  $ 

27.67 

27.45 

27.11 

Arginine  N,  $ 

17.59 

17.38 

17.22 

(Histidine  N  +  Lysine  N) ,  $ 

10.09 

10.08 

9.89 

Histidine  N,  $ 

0.77 

0.70 

0.74 

Lysine  N,  $ 

9.32 

9.38 

9.10 

Humin  N,  $ 

0.57 

0.57 

1.17 
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The  error  between  internal  duplicates 
was  smaller  than  the  error  between  external  dupli¬ 
cates.  The  latter  difference  was  approximately 
proportional  to  the  difference  between  hydrolysates 
in  percentage  humin  nitrogen.  The  histidine  N  + 
lysine  N  fractions  were  in  close  agreement.  The 
error  in  the  distribution  of  nitrogen  between  his¬ 
tidine  and  lysine  was  due  to  the  inaccuracies  of 
the  amino  nitrogen  analyses. 

The  amounts  of  the  three  basic  amino  acids 
present  were  similar  to  the  results  obtained  with 
gelatin  by  other  investigators. 

Experiment  III  -  The  estimation  of  the  arginine 
content  of  protein  hydrolysates  by  alkaline  hydro¬ 
lysis: 

Comparative  estimations  were  made  of  the 
arginine  content  of  protein  hydrolysates  by  the 
alkaline  hydrolysis  method  of  Plimmer  and  Rosedale 

(1)  Directly  on  the  hydrolysate  (22). 

(2)  On  the  aerated  catholyte  obtained  by  electrical 
separation  of  the  hydrolysate.  No  preliminary 
aeration  was  necessary  to  eliminate  amide  nitrogen. 

Table  XV  illustrates  the  uniformity  of  the 
results  obtained.  Analyses  by  the  second  procedure 
tended  to  be  slightly  higher.  These  results  pro¬ 
vided  an  excellent  check  on  the  quantitative  trans- 
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port  of  arginine  and  on  the  procedure  used  for  the 
estimation  of  arginine  in  the  preceding  experiments 


TABLE  XV 

The  estimation  of  the  arginine  content  of 
protein  hydrolysates  by 
alkaline  hydrolysis 


Protein  source 

Arginine 

i* 

N  as  $  total  N 

2** 

Soybeans 

16.1 

15.8 

Gelatin  1 

17.2 

17.6 

Gelatin  2 

17.3 

17.4 

Peas 

15.1 

15.4 

*  Analysis  made  directly  on  the  protein  hydrolysate 

**  Analysis  made  on  the  aerated  catholyte  obtained 
by  electrical  transport. 
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THE  BASIC  AMINO  ACID  CONTENT  OP 
SOME  PLANT  PROTEINS 


Literature  Review  and  Discussion 


Our  knowledge  of  amino  acids  and  of  their  role  in 
animal  nutrition  is  of  recent  origin.  The  vital  importance 
of  feed  proteins  to  the  animal  has,  however,  been  recognized 
for  at  least  150  years.  The  conclusions  reached  by  early 
investigators  were  reviewed  by  Block  and  Bolling  (4). 

Francois  Magendie  (1783-1855),  on  the  basis  of 
livestock  feeding  exp  eriments ,  deduced  that  the  nitrogen  of 
the  tissues  is  derived  from  food  nitrogen.  The  nutritive 
importance  of  proteins  and  the  dependence  of  animals  on 
plants  for  these  substances  were  pointed  out  by  G.  J.  Mulder, 
a  Dutch  chemist,  around  1840.  The  concept  that  the  protein 
or  nutritive  value  of  a  feed  could  be  estimated  from  the 
nitrogen  content  alone  appears  to  have  originated  with  the 
studies  of  Boussingault .  Leibig  supported  this  hypothesis. 

He  stated  in  1851  that  vegetable  and  animal  products  contained 
more  or  less  identical  protein  substances.  This  view  remained 
dominant  until  1897,  when  Rubner  recognized  that  proteins  of 
varying  origin  had  different  biological  values.  Variations 
in  the  amino  acid  composition  of  different  proteins  supported 
this  theory. 
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By  1915,  Osborne  and  Mendel  (4)  had  shown  that 
tryptophane  and  lysine  were  indispensable  amino  acids.  Rose 
(25)  specified  all  the  amino  acids  required  for  normal  growth 
in  the  albino  rat.  Lysine  and  histidine  are  both  essential; 
arginine  is  semi-indispensable.  Recent  experiments  by  Holt 
and  Albanese  (13)  have  shown  this  same  group,  with  the  excep¬ 
tion  of  histidine,  to  be  necessary  for  human  nutrition.  His¬ 
tidine  deficiency  has  no  effect  on  the  nitrogen  balance  in 
man,  but  a  urinary  chromogen  appears  where  this  amino  acid  is 
lacking.  Arginine  is  synthesized  by  humans  and  certain  rodents 
but  at  a  rate  which  does  not  allow  normal  sperm  production  or 
normal  growth  (13,  4).  In  the  case  of  the  chick  it  is  an 
essential  amino  acid  since  it  cannot  be  synthesized  at  all, 
or  only  in  insufficient  amounts  (12,  16). 

Concurrent  with  these  biological  investigations, 
analytical  procedures  were  developed  to  determine  the  amino 
acid  content  of  proteins.  These  procedures  have  proven 
reasonably  accurate  on  purified  proteins,  but  often  failed 
badly  when  applied  to  natural  foods.  Mitchell  and  Hamilton 
(18)  summarized  the  results  obtained  on  the  mixed  proteins  of 
feeds,  using  the  Van  Slyke  method  of  protein  analysis. 

Despite  the  obvious  inaccuracies  of  the  procedure,  particularly 
on  this  type  of  material,  the  results  are  valuable.  Linseed 
meal  protein  was  reported  to  contain  7.9$  arginine,  3.6$ 
histidine,  and  3.1$  lysine;  soybean  protein  was  reported  to 
contain  7.8$  arginine,  3.3$  histidine,  and  5.2$  lysine;  and 
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alfalfa  hay  protein  was  reported  to  contain  4.4#  arginine, 

2. 3#  histidine,  and  3.7#  lysine. 

Procedures  based  on  the  isolation  of  the  individual 
amino  acids  by  precipitation  have  gradually  displaced  the 
Van  Slyke  method  of  analysis.  These  have  proven  unsatisfactory 
when  applied  to  whole  feeds.  The  problem  of  the  purification 
of  these  materials  has  been  solved  in  part  by  treatment  with 
acids,  alkalis,  or  enzymes.  Block  and  Bolling  (4)  analyzed 
purified  materials  and  reported  that  linseed  protein  contained 
6.2#  arginine,  1.2#  histidine,  and  2.5#  lysine;  and  that  soy¬ 
bean  protein  contained  5.8#  arginine,  2.3#  histidine,  and  5.4# 
lysine . 

Tristram  (33)  analyzed  "ether  water"  protein  ex¬ 
tracts  of  the  fresh  leaves  of  plants  and  found  that  the  basic 
amino  acid  analysis  of  leaf  proteins  exhibit  very  little 
variation  from  species  to  species  or  within  a  species  in  one 
season.  Lucerne  leaf  protein  contained  7.5#  arginine,  1.4# 
histidine,  and  5.8#  lysine. 

It  is  quite  evident  that  the  amino  acid  content  of 
plant  seeds  varies  among  species.  The  proteins  of  the  seeds 
and  of  the  leaves  of  legumes  have  a  higher  lysine  content 
than  the  proteins  of  flaxseed  and  of  the  cereals.  The  arginine 
content  of  the  legume  and  flaxseed  proteins  is  moderately 
high,  while  the  histidine  content  is  low. 

Rigby  (24)  reported  varying  amounts  of  the  sulphur- 


containing  amino  acids  in  wheat  gluten  owing  to  different 
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fertilizer  treatments.  Alten  and  Haupt  (2)  found  that  the 
tryptophane  content  of  oat  straw  and  English  rye  grass  decreased 
with  increased  application  of  KgQ;  tyrosine  in  oat  straw  was 
little  affected  by  the  fertilization;  arginine  in  grass  was 
depressed  and  in  oat  straw  increased  as  the  Kg0  supply  was 
increased.  The  possibility  exists  that  just  as  the  protein 
content  of  seeds  may  vary  with  environmental  conditions  so 
may  the  amino  acid  composition  of  these  mixed  proteins. 

The  work  reported  in  the  following  section  was 
undertaken  with  two  objects  in  view: 

1.  To  report  the  basic  amino  acid  content  of  the 
proteins  of  pea  meal,  alfalfa  leaf  meal,  linseed  oil  meal,  and 
soybean  meal. 

2.  To  determine  to  what  extent  varietal  and  environ¬ 
mental  factors  affeet  the  basic  amino  acid  content  of  the  pro¬ 
teins  of  pea  meal. 

These  two  phases  of  the  work  are  referred  to  in  the 
following  report  as  Series  1  and  Series  2,  respectively. 

Materials 

Series  1 

Idabel  field  peas,  Agate  soybeans,  commercial 
linseed  oil  meal,  and  Ferax  alfalfa  were  analyzed.  The 
alfalfa  was  60$  in  bloom  at  the  time  of  picking.  All 
samples  were  coarsely  ground  in  a  Wiley  mill  and  then 
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finely  ground  in  a  ball  mill.  The  linseed  oil  meal  was 
extracted  with  ether  to  remove  the  oil.  The  meals  were 
stored  in  bottles. 

Series  2 


Chancellor  and  Early  Blue  field  peas  were 
obtained  from  Department  of  Plant  Science  experimental 
plots  at  Sundre,  Edmonton,  and  Athabaska.  These  stations 
represent  a  diversity  of  climatic  and  soil  conditions. 
Sundre  and  Athabaska  are  in  grey  wooded  soil  areas  and 
Edmonton  is  in  the  black  soil  area.  The  samples  were 
ground  in  a  burr  mill  and  stored. 

Methods 

Extraction 

The  alfalfa  meal  protein  was  extracted  with 
100  ml.  of  &fo  KI  per  2  grams  of  sample;  the  pea  meal 
protein  with  50  ml.  of  3 9/o  Nad  per  6  grams  of  sample; 
the  linseed  oil  meal  protein  with  100  ml.  of  6$  NaCl  per 
Z  grams  of  sample;  and  the  soybean  meal  protein  with  100 
ml.  of  distilled  water  per  2.5  grams  of  sample.  The 
dispersion  of  Series  1  meals  was  aided  by  one-half  hour 
shaking  on  the  mechanical  shaker;  that  of  Series  2  meals 
by  five  minutes  in  the  Waring  Blendor  and  25  minutes 
intermittent  standing  and  shaking.  The  mixtures  in  both 
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cases  were  centrifuged  for  10  minutes  at  2000  r.p.m. 
and  the  supernatant  liquid  decanted.  The  volume  of 
liquid  was  measured  and  the  nitrogen  content  determined. 
Total  soluble  nitrogen  was  calculated  on  the  assumption 
that  the  solvent  not  recovered  contained  proportionally 
the  same  amount  of  nitrogen  as  the  recovered  fraction. 
This  has  been  shown  to  give  results  quite  comparable  to 
those  obtained  by  exhaustive  extraction.  Table  XVI  com¬ 
pares  the  calculated  total  extraction  of  protein  with  the 
actual  total  extraction  of  protein  obtained  with  various 
meals. 


TABLE  XVI 

A  comparison  of  the  total  protein  extracted, 
calculated  and  actual,  from  various  meals 


Meal 

Protein  extracted. 

Solvent  Calculated 

* 

Actual 

Idabel  peas 

5%  Nad 

94.3 

95.0 

Early  Blue  peas 

%  NaCl 

96.9 

97.4 

Chancellor  peas 

Sfo  NaCl 

91.4 

92.8 

Alfalfa  meal 

Qfo  KI 

60.3 

62.4 

Linseed  oil  meal 

(oil-free) 

6%  NaCl 

74.4 

74.6 

(natural) 

6#  NaCl 

74.4 

74.8 

All  extractions  were  made  at  room  temperature. 


Dialysis 


Protein  dispersions  in  salt  solutions  were 


dialyzed  15  hours  or  longer  in  cellophane  dialysis  tubing 
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with  running  water.  Removal  of  the  salt  is  necessary  for 
satisfactory  operation  of  the  electrolytic  cell. 

Hydrolysis 


The  protein  suspensions  were  now  dried  in 
evaporating  dishes  on  the  steam  bath.  The  dry  material 
was  finely  ground  with  a  mortar  and  pestle.  Duplicate 
samples  were  hydrolyzed  for  24  hours  with  5  ml.  of  20$ 
HC1  per  gram  of  material.  An  all-glass  apparatus  was 
used. 

Analysis 

The  hydrolyzed  sample  was  diluted  with  water, 
filtered,  and  the  humin  precipitate  washed  with  hot 
water.  The  filtrate  was  made  up  to  100  ml.  in  a  volu¬ 
metric  flask.  Nitrogen  in  the  hydrolysate  and  in  the 
precipitate  was  determined. 

The  basic  amino  acids  of  an  aliquot  of  the 
hydrolysate  equivalent  to  J  to  1  gram  of  protein  were 
separated  by  electrolytic  transport.  The  catholyte  was 
analyzed  by  the  nitrogen  distribution  method  as  out¬ 
lined  previously  (Method  III). 

All  other  nitrogen  determinations  were  made 
using  the  modified  Kjeldahl  method  with  mercuric  oxide 
as  catalyst. 


’  .  ,  .  :  .  t 

,llec  ©ichsloitfo©!©  ©xto  ,  io^obIsMbi 


&r.  bos-i^  \xn  aiev  aroiane^eua  xxletcar  9  AT 

.  d  ■■.•■  i  .■  .  ©i  ■  £ •  t  ■ 

*.  .. 

.  . 

sA  .  *XBi  '  1  .  i  .  C 

*  b98£ 


Sia^lM  ... 

t’i©cT...  .'  aJ\Lv  J&stfxrlir  a  *\/  9l,;jnse  iX/^Xo-ii)^  ©jdT 

rt  K;  Psaiarr  e-t^-tiaxos^x-j  J u&ffi  ait  LUiB  ■  t. 63-10 X Ill 
..  .  .  9tf  Xtf 

•  -  ■  S  [  '  Oil 

«  j'r'jji.  X.lki*+Z'$ BJL-  ■■■'’'  •'■'  •:■  <X,  <J  £  J.C 

©11 X  to  tfoupxlB  £i.e  to  aJbios  onlke  olastf  ariT 

t 

-  c  .  .  cftc  •  y  £s 

-fro  sb  Jaodtoiu  oxaa  ai/xcre  IP'  ac  ooviu  •-  ■:•'«  ^cf  .Dss^Iaas 

.  (  ,  2  f©  I)  \  e  i  6  - 1  J  - 
©Jbaii;  slew  c.  aoifBX.  rar'ief©£>  no 3010 x a  19  rid  or  IIA 
Exo  01©  .  I  .  i 


Xc;,,l£tBO  %  B 


-  56  - 


Calculations 

Total  N  =  humin  N  +  hydrolysate  N. 

The  percentages  of  the  individual  amino  acids 
were  determined  on  the  basis,  Total  N  =  humin  N  +  hydro¬ 
lysate  N.  The  following  factors  used  for  conversion  were 
calculated  on  the  basis  of  N  x  6.25  =  protein: 

$  arginine  N  x  0.497  =  $  arginine 
$  histidine  N  x  0.590  =  $  histidine 
$  lysine  N  x  0.834  *  $  lysine. 

Experimental  Results 

The  humin  nitrogen  ranged  from  1.1$  to  4.0$  indicat¬ 
ing  that  the  protein  extracts  contained  varying  amounts  of 
carbohydrate  material.  A  consistently  low  humin  nitrogen  con¬ 
tent  is  necessary  for  accurate  analytical  work  with  the  amino 
acids.  Large  errors  between  duplicates  were  encountered  in 
the  histidine  and  lysine  estimations.  These  inaccuracies  can 
be  traced  partially  to  the  differences  between  duplicates  in 
the  total  basic  nitrogen.  In  some  instances  the  lysine  values 
showed  an  inverse  relationship  to  the  histidine  estimations. 
This  indicated  inaccurate  amino  nitrogen  determinations. 
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Series  1  -  Results  are  presented  in  Table  XVII. 

High  extractions  of  the  proteins  of  the  pea 
and  the  soybean  meals  were  obtained.  The  protein  extracted 
from  linseed  oil  meal  and  alfalfa  meal  cannot  be  con¬ 
sidered  representative  of  the  total  protein  in  the  two 
meals,  but  since  higher  extractions  could  not  be  obtained 
this  protein  was  used  in  analysis. 

The  total  basic  nitrogen  content  of  the  pea 
protein  was  definitely  higher  than  that  of  the  other 
plant  proteins.  The  legume  seed  proteins  contained  more 
lysine  than  the  other  plant  proteins.  All  the  proteins 
contained  small  amounts  of  histidine  and  relatively  large 
amounts  of  arginine. 

Analyses  were  made  on  the  whole  meals  of  alfalfa 
and  linseed.  The  electrical  separation  of  the  hydrolysates 
proved  very  unsatisfactory,  particularly  for  the  alfalfa 
meal.  The  results  obtained  on  the  oil-free  linseed  oil 
meal  are  included  in  Table  XVII.  A  higher  content  of 
each  of  the  three  basic  amino  acids  was  obtained  in  the 
mixed  proteins  of  the  whole  meal  than  in  the  proteins 
extracted  by  6%  sodium  chloride. 

The  general  relationship  of  these  results  is 
comparable  to  that  indicated  by  other  investigators, 
although  both  the  arginine  and  the  lysine  results  appear 
to  be  somewhat  higher. 
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Series  2  -  Results  are  presented  in  Table  XVTII 

Higher  protein  extractions  were  obtained  from  all 
the  meals.  The  extraction  of  the  Chancellor,  Sundre, 
sample  was  definitely  lower  than  the  others,  but  was  quite 
acceptable.  At  any  one  station,  higher  extractions  were 
obtained  from  the  Early  Blue  samples  than  from  the  Chan¬ 
cellor  samples. 

The  protein  content  varied  as  expected,  over  a 
wide  range.  The  extremely  low  protein  content  of  the 
Athabaska  samples  may  be  due  to  the  lack  of  nodulation 
on  the  roots  of  the  plants. 

Disregarding  the  Athabaska  Early  Blue  sample, 
the  results  form  one  general  pattern.  No  varietal  dif¬ 
ferences  were  found.  The  histidine  content  of  the  pro¬ 
teins  of  the  Edmonton  meals  was  significantly  higher 
than  the  histidine  content  of  the  proteins  of  the  other 
meals.  This  difference  in  the  histidine  content  almost 
entirely  accounted  for  the  higher  total  basic  nitrogen 
reported  for  the  proteins  of  the  Edmonton  meals.  The 
arginine  content  of  the  proteins  of  all  meals  was  remark¬ 
ably  uniform.  The  lysine  content  of  the  protein  of  the 
Edmonton  meals  was  approximately  10$  lower  than  that 
reported  for  the  proteins  of  the  Sundre  and  Athabaska 
meals. 

The  Athabaska  Early  Blue  sample  gave  unusual 
results.  The  total  basic  nitrogen  was  the  lowest  of  any 
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sample.  Both  the  arginine  and  lysine  values  were  abnor¬ 
mally  low.  Conversely,  relatively  high  amounts  of 
histidine  were  present.  These  results  indicate  the  pos¬ 
sibility  of  unusual  environmental  factors  during  growth. 
It  is  possible,  however,  that  some  unaccounted  for  error 
operated  with  this  sample. 

Gortner  i/0)  states  that  in  the  event  that  non¬ 
protein  nitrogenous  compounds  are  present,  any  method  of 
analysis  based  upon  a  nitrogen  determination  will  not 
necessarily  yield  accurate  values  for  any  particular 
amino  acid.  Various  nitrogenous  bases,  such  as  the 
betaines  choline  and  guanidine  are  found  in  plants.  The 
garden  pea  contains  the  betaine  trigonelline.  The 
legumes  as  a  family  are  noteworthy  for  their  alkaloida! 
content.  It  may  be  that  these  high  histidine  values  were 
due  to  the  presence  of  some  one  or  more  nitrogenous 
bases.  Despite  this,  the  fact  remains  that  the  Edmonton 
samples  are  significantly  higher  in  some  one  or  more 
nitrogenous  compounds.  It  is  interesting  to  note  in 
this  connection  that  the  alkaloidal  content  of  plants 
may  be  varied  by  the  use  of  nitrogen  and  phosphorus  fer¬ 
tilizers  (/4>) . 

Further  work  is  necessary  to  determine  whether 
the  variability  in  histidine  is  real  or  whether  some 
other  factor  is  responsible  for  the  apparent  difference. 
More  direct  methods  of  analysis  would  be  preferable  and 
are  under  investigation. 
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SUMMARY 


The  work  involved  in  this  research  is  reported  in 
three  sections: 

I.  The  dispersion  in  various  solvents  of  the  proteins  of  pea 
meal,  commercial  linseed-' oil  meal,  and  alfalfa  leaf  meal  was 
studied. 

1.  Maximum  dispersion  of  over  90$  of  the  protein 
of  pea  meal  was  obtained  in  distilled  water  and  in  3$ 
and  4 $  concentrations  of  solutions  of  sodium  chloride, 
sodium  salicylate,  and  sodium  sulphate.  Dispersion  of 
the  protein  of  pea  meal  was  depressed  in  1$  concentra¬ 
tions  of  these  salts. 

2.  Dispersion  of  62.4$  of  the  protein  of  alfalfa 
leaf  meal  was  obtained  in  8$  potassium  iodide;  disper¬ 
sion  of  76.8$  of  the  protein  of  "oil-free"  linseed  oil 
meal  was  obtained  in  8$  sodium  salicylate. 

3.  Dispersion  of  the  proteins  of  alfalfa  leaf 
meal  and  linseed  oil  meal  in  6$  sodium  chloride  was 
little  affected  by  the  acidity  of  the  solvent. 

4.  The  Waring  Blendor  proved  only  partially  satis¬ 
factory  as  an  aid  to  protein  dispersion. 

II.  An  investigation  of  the  electrical  transport  method  of 
basic  amino  acid  analysis  was  made. 

1.  An  electrolytic  cell,  built  in  the  laboratory, 
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quantitatively  separated  the  basic  amino  acids  from  the 
other  constituents  of  an  artificial  protein  hydrolysate. 

2.  The  catholyte  obtained  by  electrical  separation 
was  analyzed  for  arginine,  histidine,  and  lysine  by  three 
methods  of  analysis.  Further  work  on  these  methods  is 
contemplated. 

III.  The  basic  amino  acid  content  of  some  plant  proteins  was 
determined. 

1.  Protein  extracts  of  pea  meal,  linseed  oil  meal, 
alfalfa  leaf  meal,  and  soybean  meal  were  analyzed.  The 
legume  seed  proteins  were  relatively  higher  in  lysine. 

All  proteins  were  low  in  histidine  and  relatively  high 
in  arginine. 

2.  Protein  extracts  of  the  pea  meals  of  two 
varieties,  Early  Blue  and  Chancellor,  from  three  stations, 
Edmonton,  Sundre,  and  Athabaska,  were  analyzed.  No 
varietal  differences  were  found.  The  arginine  and  lysine 
contents  were  fairly  uniform  throughout,  but  Edmonton- 
grown  samples  contained  a  much  larger  histidine  fraction. 
The  question  as  to  whether  this  difference  in  histidine 
content  is  real  or  can  be  attributed  to  the  presence  of 
nitrogenous  bases  presents  an  interesting  problem. 


Qiti  zblcn  oalmB  ol®Bd  ed.&  £>©d'j3XfU9B  xIsyI $'b&JL $jjb up 


•  ©0  ■..  *xi)  y.' •- 

noiy  3-iegies  Isv 
se-'i-.d*  \:d  snxa^l 


sioxlxc  .  ;  E , 

i  X J  0 S X 9  V <:f  .}  ••<;  1  •  ;  & CT\  1 0  .  S B 0  ■  I X 

t(  .  ,  ■ ./  ,0  )  '  .  3&B 


»  ■ 

*.00.:  ;?I(  iuedixoo 


■  d  Iq  9  ■  >B 

*  jb  enlum  d*  e  5 

anil  t  s  .  x;  *  J 

. .  t  tIs@ i 

*  '  ,  -  '  0'  ; 

i  i  '  wol 

*  e.olii xx.tk  x;x 

; 


anol&B&a  08*10^  aioxt 

. 

sOXJBDC  .&H  B 

©jjIS 

t8€ 

,  iBi  3 

, 

b:1  a  0d  BnX  / 

J?fis 

.  , 

• 

XrafOrl  9X0' 

v .  0  •./ 

uo xo  'i  'rx £>  1 8^ ■'•X xbt 

tj  »  '  I". 

.  •  !  '  •  ..  2  8  .  0  : 

0  -IX.rXax:.  ax  eoneTetlXjj  oi:nj  xsXXaxlw  cX  bb  nold“£s9Jjp  erLT 

riBo  *xo  *  1  .  : 

tn 


ACKNOWLEDGEMENTS 


The  writer’s  thanks  and  appreciation  are  extended 
to  the  supervisor  of  this  project,  Dr. A.  G.  McCalla,  for 
helpful  criticism  and  advice  during  the  progress  of  the 
investigation.  A.  J.  McGinnis  assisted  in  the  routine 
analyses  and  G.  M.  Tosh  in  the  preparation  of  equipment  and 
photographs . 

Financial  assistance  was  supplied  by  a  Robert 
Tegler  Research  Scholarship,  and  by  the  National  Research 
Council,  Ottawa. 


REFERENCES 


1.  ALBANESE,  A. A.  An  electrolytic  method  for  the  determina¬ 

tion  of  the  basic  amino  acids  in  protein.  J.  Biol. 
Chem.  134:467-482.  1940. 

2.  ALTEN,  F.  and  HAUPT,  W.  The  connection  between  mineral 

fertilization  of  plants  and  their  content  of  amino 
acids.  Chem.  Abstracts.  34:8151,  1940. 

3.  BLOCK,  R.J.  A  new  method  for  separation  of  the  basic 

amino  acids  from  protein  hydrolysates .  Proc.  Soc. 
Exp.  Biol,  and  Med.  51:252-253.  1942. 

4.  BLOCK,  R.J.  and  BOLLING,  D.  Nutritional  opportunities 

with  amino  acids.  Jour.  Amer.  Dietetic  Assoc.  20(2) 
1944. 

5.  CHIBNALL,  A.C.  The  effect  of  low  temperature  drying  on 

the  distribution  of  nitrogen  in  the  leaves  of  the 
runner  bean.  Biochem.  J.  16:599-607.  1922. 


GTlu.  X;XKi/X>  SSXOb 


ai  ':  X. ..  liold’ajtoe'iqq^  bns  .;r  a’^atiTv/  eriT 

i 

0(  .  i  :oei 

9ii.i  to  zaex-)07.q  © S  ^ri-'b  ao xv.5b  £ns  siaioij'i  v:o  X^taien 

#T>  ,A  ♦xioi 

*  «  . 

*  a  X :  arrjnoJoxiq 

j-iaJO;-  .<3  'V.3  lallqjJ/B  8BW  e©BaSai:aa.B  iBlOXiBUi^ 

"  /  ■  •  ,  '  -  •  ?elgef 

*  £^BO“d*0  tX  ?-oni*oO 


.  Slilv  c  »'  X'tilliiiH 


•  .  -  *  .  .1 

-  .  *1  *  .  .  '  j  0 

•  0  ...:  ,  -  S4/  -  V  3  i :  -K;’  1  *  men  ; . 

-  ;  I  ,  .  .  . 

c-  :i,.B  I;:.;  Si?::.  S;v  JbxiB  aJ’ixsXq  to  noxJ'jcsiii^iel 

,  ,  JI8:  .  .  •  .  [Z 

,  -  f2[0(XIS 

#  -  :  I  .  .  . 

.  *  .  *  .  >  *  .  .  s 

'is  .  •  :  .  :  „  •  . 

.MG1 

.  L*  v:*:r  .  ,  v  .  .  ( 

■  .  *  :c i  -  i 

.  *  :  .  , 


65 


6.  COX,  C.J.,  KING,  H.  and  BERG,  C.P.  The  preparation  of 

lysine,  histidine,  and  arginine  from  hydrolyzed 
blood  corpuscle  paste  by  electrical  transport, 
lour.  Biol.  Ohem.  81: 755*764.  1926. 

7.  BERMANSKII,  A.V.,  ANTONOVICH,  E.G.,  and  SILAEV,A.B. 

Peptization  of  the  proteins  of  the  pea.  Ghem.  Abs. 
27:884(5).  1933. 

8.  FOSTER,  G.L.  and  SCHMIDT,  C.L.A.  The  separation  of  the 

hexone  bases  from  certain  protein  hydrolysates  by 
electrolysis.  Jour.  Biol.  Chem.  56:545-553.  1923. 

9.  _ __  The  separation  of  the 

d'iearVoxylic  acids  from  certain  protein  hydrolysates 
by  electrical  transport.  Jour.  Amer.  Chem.  Soc.  48: 
1709.  1926. 

10.  GORTNER,  R.A.  Outlines  of  Biochemistry.  2nd  edit.  John 

Wiley  and  Sons  Inc.,  New  York.  1938. 

11.  HARROW,  B.  Textbook  of  Biochemistry.  W.  B.  Saunders  Co. 

Philadelphia,  1944. 

12.  HEGSTED,  D.M.,  BRIGGS,  G.M.,  ELVER  JEM,  C.A.,  and  HART,  E.B. 

The  role  of  arginine  and  glycine  in  chick  nutrition. 
Jour.  Biol.  Chem.  140:191-200.  1941. 

13.  HOLT,  L.E.  and  ALBANESE,  A.A.  Convalescence  and  rehabili¬ 

tation.  Report  No. 8.  Minutes  of  a  conference  on 
amino  acid  metabolism.  Washington,  D.C.  N.R.C., 

U.S.,  July,  1944. 

14.  JORPES,  E.  The  colorimetric  determination  of  histidine. 

Biochem.  Jour.  26:  1507-1511.  1932. 

15.  KIZEL,  A.,  AGATOV,  P.,  BEZINER,  E.  and  KASTRUBIN,  M. 

Variations  in  the  amino  acid  composition  of  plant 
proteins  and  their  causes.  Chem.  Abs.  31:7447(7). 
1937. 

16.  KLOSE,  A.A. ,  STOKSTAD,  E.L.  and  ALMQUIST,  H.J.  The  essen¬ 

tial  nature  of  arginine  in  the  diet  of  the  chick. 

Jour.  Biol.  Chem.  123:691-698.  1938. 

17.  MILLER,  E.C .  Plant  Physiology.  McGraw-Hill  Book  Co., 

Inc.  New  York,  1938. 

18.  MITCHELL,  H.H.  and  HAMILTON,  T.S.  The  biochemistry  of  the 

amino  acids.  The  Chemical  Catalogue  Co.,  Inc.  New 
York.  1929. 


♦  CX.£  t  •  .  ■  -  . 

,  lb!  id  te  • 

a  . 

r  -  :  L 

..  .  ,  YSAJIB  ...  ;  t  /v .  , 

, 

.oc;-./.  .  (3/X-:.^:  v:..;. 

, A . J *  0  < T(  C8  *a,0  , 

■  S  1  ,  IsSlBO 

„  -  :'dd  .  .  .  . 


• ,  .  •  ••  .f-..*  - _ _  c  .  .  . . 

i.-;.  \£-  i :  .1  j’C'aa  i  j  i  l  bSIbb  I'Ho-xT  <PTIo.b  Dll~i.zod*zeolh 

:  1  .  .i  .  \*i  .3 1C  ■  . 

.esox  #  wo vi 

■  .  13  •  &«  : 

*  ,  l-.U . .  ••  •  i'-Xlv 


01 


<  C  v  iu/.-’O  *C 


1  ..  oolS  *t  »  - 

i  ,si  .  >: . . 


.  „  .  t  m  5  «.M.  - 

nloYlB 

.OOB-ieitGJ  .m  .Xoi  .tuc 

*A. 

.8*0 

p .  fl  •  .  .  « 

.  [  I  j* 

,  ,  ■  :8?  ,  iu i  >  ,  .:.oo 


...  1 1  ...  .  <  »  '  •  .  •  *  ■ 

■ 

XIX. 

»  cl 

.  VcS'I 

ItXi"  :  -vA3  «  *  •  •  t  <  ■  •  ?  * 

; ri»X  ill  xo  e^jjd'Brx  Islet 

:  :  .  . 

5QuGi  , 

*  ax 

,  .  -0, 

u/.IM  . 

.VI 

.6501  t  .fn  ■. 

...  ..... 

oil  £  ,  ■  • 

:tB4 

.81 

.  .  ao: 


66 


19.  OfHARA,  L.P.  and  SAUNDERS,  F,  Studies  in  proteins.  J. 

Amer.  Chem.  Soc.  59:352-354.  1937. 

20.  OSBORNE,  T.B.  and  WAKEMAN,  A.J.  Protein  in  green  leaves. 

Jour.  Biol.  Chem.  42:1-26.  1920. 

21.  _ _  and  LEAVENWORTH,  C.  The 

protein  of  the  alfalfa  plant.  Jour.  Biol.  Chem. 
49:63-91.  1921. 

22.  PLIMMER ,  R.H.  and  ROSEDALE,  J.L.  Direct  estimation  of 

arginine.  Biochem.  Jour.  19:1020-1021.  1925. 

23.  RICH,  C.E.  Properties  of  wheat  flour  proteins.  Cereal 

Chem.  13:522-541.  1936. 

24.  RIGBY,  F.L.  M.Sc.  Thesis,  U.  of  A.  1944. 

25.  ROSE,  W.C.  The  nutritional  significance  of  the  amino 

acids  and  certain  related  compounds.  Science.  86: 
298.  1937. 

26.  ROXAS,  M.L.  The  reaction  between  amino  acids  and  carbo¬ 

hydrates  as  a  probable  cause  of  humin  formation. 
Jour.  Biol.  Chem.  27:71-93.  1916. 

27.  SANDIN,  R.B.  and  STOVER,  N.M.  Rapid  method  for  the 

determination  of  organic  nitrogen  in  liquids.  Can. 
Jour.  Res.  2:264-266.  1930. 

28.  SMITH,  A.K.  and  CIRCLE,  S.J.  Peptization  of  soybean  pro¬ 

teins.  Ind.  &  Eng.  Chem.  30:1414-1418.  1938. 

29.  SMITH,  A.K.,  CIRCLE,  S.J.  and  BROTHER,  G.H.  Peptization 

of  soybean  proteins.  Jour.  Amer.  Chem.  Soc.  60: 
1316-1320.  1938. 

30.  STAEER,  E.V.  and  GORTNER,  R.A.  Physico-chemical  studies 

on  proteins.  Jour.  Phys,  Chem.  35: (I) :1565-1605« 
1931. 

31.  STOVER,  N.M.  and  SANDIN,  R.B.  Use  of  boric  acid  in 

micro-Kj eldahl  determination  of  nitrogen.  Ind.  & 
Eng.  Chem.,  Analytical  Edit.  3:250.  1931. 

32.  TOTTINGHAM,  W.E.,  SCHULZ,  E.R.  and  L1PK0VSKY,  S.  The 
extraction  of  nitrogenous  constituents  from  plant 
cells.  Jour.  Amer.  Chem.  Soc.  46:203-208.  1924. 


-  aa  - 


.  •  ’  ,  ,  ?  , 

.  X  '.X  ,  ■ :  Xc;  ,  oo.  »  .-.  .C  .ooo 

.a.T  t  o  * 

.  0  X  to  #  B  X  -1  :S&  *  me  A  0  ,  X  9 1  H  ,  oojo  b 

ei:.T  .0  <hb:c tix'vxx . :  ms  .  .is 

*  . 

Xisei  *  ie*-r  6 

t09*ri(  .  .  ^SEIAClSBO  .  aa  ,H*5 

.  .  -I  *IxOX-OSOX :€JI  ,'ijj ct>  . mo.  acix  .©ninloiB 

*K  w  ■  §§  Hi!  H 

o  8  .  ■  .  ..  ©cfo^  .2.  0  t  *SS 

.  as  ex  .  xx*a  -as  o:si  .  men  o ' 

.b&OI  Xo  *  .  ,el80o!P  * 08.  A  .J.X'  <IEOTH  ,&S 

.  .  '  '  .  .0. 

:  •  *  .  { 

.vs ex  .sex 

..  .J.i  . 

,  •  C  .  kii 

.die  I  . ■■'■■--XV :  ■•■  ■  -imp  .  loj.C  .•wot  ■ 

...r  10 1  bo  0-  .  ...„  .  .  •  i IB  ,  X.B  c  ■  c  .VS 

.  £ibC  ,  g  i  > ' ...  c  i  :  J  d 

, ox e  .  '■-■-as:  .  ,tu.  g 

,  ,.  -  X  .  I  . 

.  ..  .  :  ,  *  .  il  .a  ni 

.  j  .H.0  t  ...  .  :c  . .  ,ft 

:  ...  .  ,  *  a  n  t  o 

.xsei  .ossx-eisi 

,  ,  ,  .  ....  532  M  TS  ♦  OS 

*e<  c-easi:  :  x  .  >  .  •  ;  .tcuc  .  •  ■  o i 

•  is  ex 

•  bios  ox^rod  ‘io  ©eU  ,0.53  .  *M.  .  «X| 

x.  .dal  .neso'id'Xn  to  aoldmlsneteb  Ma5 I 3  [. 2-otc 0 ini 

:  .  :  £ .  [ 

.  .  :  .  .  .  .....  .  S 

br.ilq  i.i  x‘t  . jnex.fd'ld’axioo  saonegoiXin:  to  nold’osid’X© 

,  £3  C I  .  COX  -S  OS :  61-  .0  08  .  me/IO  .  rier.iA  .  suo  1  .  e  XI  9  0 


67 


33.  TRISTRAM,  G.R.  The  basic  amino  acids  of  leaf  proteins 

with  a  discussion  of  various  methods  of  analyses. 
Biochem.  lour.  33:1271.  1939. 

34.  VAN  SLYKE,  D.D.  A  method  for  quantitative  determination 

of  aliphatic  amino  groups.  Jour.  Biol.  Chem: 9:185. 
1911. 

35.  WEBER,  C.J.  A  modification  of  Sakaguchi’s  reaction  for 

the  quantitative  determination  of  arginine.  Jour. 
Biol.  Chem.  86:217-222.  1930. 


-  va 


v..:  ' .  V  o  .  .  •:  . ..  , . ;  .  ■  \ ..  v  .  .... 

'2 iu. o  .oi^  jc:-.  - 

,  :  .  :  .  :  '  4;  .  - 

•  ■'  •  ;  . 

:  :  .  . 

.II€  I 

'  .  '  #  ,  . 

mold  ... 

.  5  -  I  . 


B29751 


